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Preface. 

In  the  present  Bulletin  we  propose  to  give,  in  form  and 
language  no  more  technical  than  is  necessary,  an  outline  of 
what  is  known  in  regard  to  the  geological  structure  and  his- 
tory of  Connecticut. 

It  is  believed  that  such  a  work  will  be  useful  to  various 
classes  of  readers.  Students  of  geology  in  other  regions 
will  find  here  a  brief  statement  of  the  characteristic  features 
of  a  small  but  interesting  area.  Intelligent  citizens  of  our 
own  State  will  learn  somewhat  of  the  character  of  the  rock 
formations  upon  whose  surface  they  live,  and  of  the  agencies 
by  which  in  the  course  of  ages  the  surface  has  been  molded 
to  its  present  form  and  condition.  Especially,  however, 
this  Bulletin  is  designed  for  the  use  of  teachers  of  science 
within  our  own  state ;  and  in  its  preparation  we  have  had 
particularly  in  mind  that  educational  aim  which  is  wisely 
emphasized  in  the  law  by  which  the  State  Survey  was  es- 
tablished. From  teachers,  particularly  in  the  high  schools 
of  the  state,  the  question  has  repeatedly  come  to  us,  where 
can  a  clear  and  intelligible  account  of  Connecticut  geology  be 
found?  To  that  question  no  satisfactory  answer  could  be 
given.  While  much  work  has  been  done  in  the  investiga- 
tion of  Connecticut  geology,  by  private  individuals  and  by 
officers  of  the  State  and  National  Surveys,  the  results  of 
that  investigation  have  never  been  put  together  in  any  ac- 
cessible form.  They  may  be  found  in  part  scattered  through 
many  volumes  of  scientific  journals  and  official  reports. 
Much  of  the  older  work  was  published  at  a  time  when  the 
language,  as  well  as  the  thought,  of  geologists  was  so  dif- 
ferent from  that  of  the  present  time  that  the  writings  are 
not  easily  intelligible  to  elementary  students  at  the  present 
day.  Many  of  our  teachers  do  not  have  access  to  large 
libraries,  and  comparatively  few  have  learned  the  art  of  col- 
lecting the  inforniation  which  they  desire  from  fragmentary 
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articles  scattered  through  many  volumes.  Much  of  the 
most  recent  work  on  the  geology  of  Connecticut  still  remains 
unpublished.  It  is  believed,  therefore,  that  in  the  work  of 
the  teachers  of  the  state  this  Bulletin  will  meet  a  long-felt 
want. 

To   geologists   it   is   unnecessary   to   say,   but   to   the 
general  reader  it  is  important  to  say  emphatically,  that  this 
Bulletin  does  not  aim  to  set  forth  a  complete  and  final  state- 
ment of  the  geology  of  Connecticut.      In  spite  of  all  the 
earnest  study  that  has  been  given  to  this  field,  there  are 
many  questions  still  unanswered ;  and  the  knowledge  which 
we  possess  seems  small  in  comparison  with  the  territory 
of  the  unknown.      The  problems  presented  by  the  Triassic 
are  simpler  than  those  presented  by  the  crystalline  rocks, 
and  have  been  much  more  nearly  solved ;    but,  even  in  re- 
gard to  the  Triassic,  important  questions  still  remain  with- 
out any  answer  conclusively  established  or  unanimously  ac- 
cepted.     Over  how  wide  an  area  the  Triassic  sediments  ex- 
tended before  the  great  denudation,  and  to  what  extent  the 
western  border  was  formed  by  faults,  are  questions  in  re- 
gard to  which  there  is  room  for  difference  of  opinion.      In 
regard  to  the  dynamics  of  the  tilting  and  faulting  of  the 
Triassic  area,  any  explanation  that  can  be  given  is  only  a 
matter  of  speculation.      In  the  crystalline  rocks  the  ratio  of 
our  knowledge  to  our  ignorance  is  far  smaller  than  in  the 
Triassic.       How  much  of  the  crystalline  rocks  is  igneous, 
and  how  much  is  sedimentary  in  origin ;    to  what  extent  the 
foliation  represents  stratification ;    what  are  the  stratigraph- 
ical  relations  of  the  different  crystalline  formations ;    in  what 
periods  the  crystalline  rocks  of  sedimentary  origin  were  de- 
posited, and  in  what  periods  they  were  disturbed  and  meta- 
*d ;  how  many  different  epochs  of  disturbance  and 
phism  have  left  their  traces  upon  some  of  the  rocks ; 
are  questions  to  which  only  partial  and  uncertain 
:an  be  given.      Obviously,  then,  the  present  paper 
e  degree  provisional.      It  is  a  report  of  progress ; 
il  report.      It  may  be  hoped  that  future  investiga- 
correct  some  of  its  errors  and  answer  some  of  its 
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questions ;  but,  however  many  interrogation  points  may  be 
changed  to  periods  in  the  progress  of  knowledge,  it  seems 
not  unlikely  that  for  generations  to  come  the  new  questions 
which  will  be  started  may  be  more  numerous  than  the  old 
questions  which  will  be  answered.  The  problem  of  our  crys- 
talline rocks  seems,  in  the  present  state  of  our  knowledge, 
to  be  analogous  to  mathematical  problems  in  which  the  num- 
ber of  unknown  quantities  exceeds  the  number  of  equations. 
In  the  treatment  of  all  these  subjects,  we  have  endeavored  to 
avoid  the  spirit  or  the  appearance  of  dogmatism ;  and  have 
frankly  confessed  the  uncertainty  which  we  feel.  We  hope, 
therefore,  that  from  these  pages  the  attentive  reader  will 
learn  but  little  that  he  will  have  to  unlearn  in  the  progress 
of  science. 

The  two  authors  whose  names  appear  on  the  title-page 
of  this  Bulletin  have  freely  consulted  with  each  other,  and 
have  accepted  suggestions  from  each  other  in  the  prepara- 
tion of  their  respective  parts  of  the  work.  In  the  main  the 
two  authors  are  substantially  in  agfreement  in  their  geo- 
logical views.  It  is  to  be  understood,  nevertheless,  that 
each  is  to  be  held  solely  responsible  for  the  chapters  which 
bear  his  name. 

The  first  chapter  of  the  present  work  is  a  re-publication, 
with  additions  and  alterations,  of  an  address  before  the  State 
Board  of  Agriculture,  published  in  their  Report  for  1903. 
Acknowledgments  are  due  to  the  officers  of  the  United 
States  Geological  Survey  for  permission  liberally  accorded 
to  use  in  the  preparation  of  this  Bulletin  the  unpublished  re- 
sults of  the  work  of  the  Survey.  Acknowledgments  are 
particularly  due  to  Professor  W.  H.  Hobbs,  of  the  Uni- 
versity of  Wisconsin,  who  has  placed  at  our  disposal  the  re- 
sults of  his  detailed  and  thorough  study  of  the  western  part 
of  Connecticut.  The  contributions  of  Professor  L.  G. 
Westgate,  of  Ohio  Wesleyan  University,  Dr.  H.  H.  Robin- 
son^ of  Yale  University,  and  Dr.  G.  F.  Loughlin,  of  the  Mas- 
sachusetts Institute  of  Technology,  to  the  study  of  particu- 
lar areas  of  the  state,  are  appropriately  acknowledged  in 
the  sections  of  the  work  relating  to  those  areas.      A  number 
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of  illustrations  are  from  photographs  taken  for  the  United 
States  Geological  Survey,  under  the  direction  of  Professor 
W.  M.  Davis,  of  Harvard  University,  by  whose  courtesy 
they  were  placed  at  our  disposal.  Acknowledgments  are 
also  due  to  Professor  Westgate,  Dr.  Robinson,  Mr.  Free- 
man Ward,  Professor  G.  P.  Merrill,  of  the  United  States 
National  Museum,  Mr.  Sidney  M.  Loyd,  of  Lynch- 
burg, Va.,  and  others,  for  the  use  of  photographs^ 
Two  figures  of  reptilian  tracks  on  the  Triassic  sandstones, 
from  Lull's  Fossil  Footprints  of  the  Jura-Trias,  are  used  by 
permission  of  author  and  publisher,  the  electrotypes  being 
lent  to  us  by  the  Boston  Society  of  Natural  History. 

It  might  have  been  appropriate  to  present  in  this  Bulle- 
tin a  general  historical  sketch  of  the  work  of  National 
and  State  Surveys  and  of  private  individuals  in  Connecti- 
cut. For  that  information,  however,  the  reader  is  re- 
ferred to  the  pamphlet  accompanying  the  colored  Geo- 
logical Map  of  Connecticut,  published  as  Bulletin  No.  7^ 

William  North  Rice, 
Herbert  Ernest  Gregory. 
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As  Related  to  Geological  Structure 
and  History 
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THE  GEOGRAPHY  OF  CONNECTICUT. 


Geographical  Divisions.  —  The  State  of  Connecticut  is 
naturally  divided  into  three  areas,  which  may  be  called,  re- 
spectively, the  Eastern  Highland,  the  Western  Highland, 
and  the  Central  Lowland.*  The  Central  Lowland  may  be 
further  divided  into  a  central  range  of  hills  and  an  eastern 
and  a  western  valley.  The  eastern  valley  may  not  im- 
properly be  called  the  Connecticut  Valley,  since  the  Con- 
necticut River  flows  in  this  valley  from  the  gorge  between 
Mount  Tom  and  Mount  Holyoke  in  Massachusetts  as  far 
south  as  Middletown.t  At  Middletown,  however,  the  Con- 
necticut River  leaves  the  Lowland,  and  flows  to  the  Sound  at 
Saybrook,  through  a  narrow  gorge  excavated  in  the  corner 
of  the  Eastern  Highland.  The  western  valley  may  be  con- 
veniently called  the  Farmington-Quinnipiac  Valley.  We 
shall  see  hereafter  that  this  valley  was  once  occupied  by  a 
continuous  river,  portions  of  whose  course  are  included  in 
the  present  Farmington  and  Quinnipiac.J  The  central  hill 
range  extends  across  the  state  in  an  approximately  north 
and  south  direction,  though  broken  into  fragments  arranged 
in  parallel  and  overlapping  lines.  Parts  of  the  Lowland  are 
traversed  by  minor  hill  ranges  approximately  parallel  to  the 
main  central  range.  The  accompanying  geological  map 
(Fig.  i)  shows  well  these  geographical  divisions,  since  the 
areas  of  crystalline  rocks  correspond  substantially  with  the 
Eastern  and  Western  Highlands,  and  the  large  area  of  Tri- 


•The  western  bonndary  of  the  Central  Lowland  may  be  traced  through  the  towns 
of  Granbr,  Canton,  Avon,  ^arminjirton,  Burlington,  Bristol.  Southington,  Cheshire, 
Prospect,  Bethany,  Wood  bridge.  New  Haven,  and  Orange.  Its  eastern  boundary 
may  be  traced  through  the  tuwn^  of  Somers,  Rlllngton,  Vernon,  Manchester,  Glas- 
tonbury, Portland,  Middletown,  Durham,  Guilford,  North  Branford,  Branford,  and 
Bast  Haven. 

t  The  whole  Central  Lowland  is  often  called  the  Connecticut  Valley,  especially 
when  the  whole  of  Southern  New  England,  rather  than  Connecticut  alone,  is  under 
discussion. 

tSee  pages  aai  and  as3- 
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assic  rocks  with  the  Central  Lowland,  while  the  linear  areas 
of  the  trap  rocks  mark  the  position  of  the  hill  ranges  in  the 
Lowland. 

Connecticut  is,  of  course,  not  isolated  in  its  physical 
geography  from  the  adjacent  states.  The  Central  Lowland 
extends  northward,  as  a  well  marked  region,  nearly  to  the 
northern  boundary  of  Massachusetts,  and  is  traversed  by 
the  Connecticut  River  in  its  course  across  the  state.  Far- 
ther north  the  Eastern  and  Western  Highlands  coalesce  into 
the  great  highland  region  of  northern  New  England  and 
southeastern  Canada,  bounded  by  the  Hudson-Champlain 
Valley,  the  St.  Lawrence  Valley,  and  the  Atlantic.  The 
Connecticut  River  flows  between  Vermont  and  New  Hamp- 
shire in  a  narrow  valley  contrasting  strongly  with  the  broad 
Cehtral  Lowland  of  Massachusetts  and  Connecticut.  The 
Highland  region  in  Vermont  and  New  Hampshire  attains  a 
greater  mean  altitude  and  is  dominated  by  far  loftier  sum- 
mits than  in  Connecticut. 

In  the  edition  of  the  topographical  map  of  Connecticut, 
which  has  been  published  with  the  forest  areas  colored  green, 
the  distinction  of  these  three  districts  of  the  state  is  very 
conspicuous.  The  Eastern  and  the  Western  Highland,  with 
the  exception  of  strips  along  the  sea  coast,  are  largely  cov- 
ered by  forests,  while  in  the  Central  Lowland  there  are  no 
forest  areas  of  any  consequence,  excepting  on  the  hill  ranges 
already  mentioned.  The  thin,  rocky  soil  of  the  Highlands 
is  comparatively  unattractive  for  the  agriculturist,  and 
large  areas  have,  therefore,  been  left  covered  with  forests. 
In  recent  time,  indeed,  the  area  of  cultivation  in  the  High- 
lands has  diminished,  and  the  forest  has  encroached  upon 
the  abandoned  farms.  The  deep  and  fertile  soil  of  the 
Lowland  led  to  the  early  settlement  of  that  strip  of  country, 
and  a  large  part  of  the  territory  was  early  brought  under 
cultivation.  The  old  towns  of  Windsor,  Hartford,'  Weth- 
ersfield,  Middletown,  and  New  Haven  are  all  distributed 
along  the  Central  Lowland. 

The  surface  of  the  Highlands  is  exceedingly  rugged, 
showing  very  little  indeed  of  level  ground.    It  is,  however. 
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The  larf^e  area  of  Triassic  is  the  Central  Lowland ;  the  areas  of  crystalline  rocks 

are  the  Highlands. 
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a  remarkable  fact  that,  in  almost  any  general  view  of  either 
of  these  highland  areas,  the  sky  line  appears  remarkably 
straight  and  nearly  level.  This  appearance  is  very  strik- 
ingly shown  when  the  observer  stands  on  West  Peak  of  tlie 
Hanging  Hills  at  Meriden,*  or  on  any  other  high  summit 
of  the  hill  ranges  within,  the  Lowland.  If  we  should 
imagine  a  sheet  of  pasteboard  resting  upon  the  summits  of 
the  highest  elevations  of  Litchfield  County  and  sloping 
southeastward  in  an  inclined  plane,  that  imaginary  sheet  of 
pasteboard  would  rest  on  nearly  all  the  summits  of  both  the 
Eastern  and  the  Western  Highlands.  This  condition  ob- 
viously suggests  the  hypothesis  that  the  Eastern  and  West- 
ern Highlands  were  at  one  time  nearly  level  plateaus,  which 
have  acquired  their  present  rugged  surface  by  the  excavation 
of  innumerable  valleys.  It  should  be  noted  also  that  the 
hill  ranges  in  the  Central  Lowland  rise  to  such  an  altitude 
that  their  highest  summits  do  not  differ  greatly  in  elevation 
from  the  parts  of  the  Highland  areas  lying  to  the  east  and 
west.  Our  imaginary  sheet  of  pasteboard,  resting  on  the 
summits  of  the  rugged  Highlands,  would  touch  also  many 
of  the  culminating  points  of  the  hill  ranges  in  the  Lowland. 
These  hill  ranges  present  a  remarkable  uniformity  in  shape 
and  aspect.  They  have,  in  general,  as  shown  in  Plate  II,  a 
steep  face  on  the  west  and  a  gentle  slope  on  the  east. 

We  must  now  endeavor  to  correlate  these  topographical 
facts  with  the  geological  structure  of  the  respective  areas; 
for,  as  the  body  without  the  spirit  is  dead,  so  geography 
without  geology  is  dead  also. 

Geological  Structure  of  Highlands  and  Lowland. —  If 
we  examine  the  rocks  of  the  Highlands  and  the  Lowland, 
find  characteristic  differences  in  many 
and  rocks  are  very  obviously  composed 
rounded  more  or  less  perfectly  as  if 
h  have  evidently  been  derived  from  the 
ier  rocks.  These  rounded  grains  are 
nenting  material,  composed  largely  of 
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red  oxide  of  iron,  which  fills  the  chinks  between  the  different 
grains.  In  some  of  the  rocks  the  water-worn  fragments  are 
bowlders  several  inches  in  diameter;  in  others,  the  sand- 
stones proper,  the  grains  are  finer,  but  still  large  enough  to 
be  easily  recognized  with  the  naked  eye  or  with  a  hand  lens. 
In  some  of  the  shales  the  grains  are  so  fine  as  not  to  be  easily 
seen  without  a  microscope.  When  thin  sections  of  these 
rocks  are  examined  under  the  microscope,  the  grains  of  sand, 
consisting  largely  of  quartz,  but  m  part  of  feldspar  and  other 
minerals,  seem  to  be  translucent,  while  the  cement  which 
fills  the  chinks  between  them  is  nearly  opaque.  Totally 
different  in  character  are  the  rocks  of  the  Highlands.  They 
show  no  indication  of  being  composed  of  broken  or  wora 
fragments  of  preexistent  rock.  They  consist  of  crystalline 
grains  nicely  dovetailed  together  and  evidently  formed  in 
their  present  relation  to  each  other.  The  contrast  between 
the  two  types  of  rock,  as  seen  under  the  microscope,  is  well 
shown  in  Plate  III.  In  technical  language,  the  Lowland 
rocks  are  fragmental,  the  Highland  rocks  are  crystalline. 

If,  instead  of  looking  in  detail  at  the  texture  of  the  rocks 
of  these  respective  regions,  we  look  at  the  structurles  which 
they  show  in  the  mass,  we  find  that  the  Lowland  rocks  are 
arranged  in  parallel  beds  or  strata,  which  are  sometimes,  as 
in  the  g^eat  quarries  of  Portland,*  almost  perfectly  horizon- 
tal, but  which,  in  most  localities,  show  a  moderate  dip  to- 
wards the  east  or  southeast.  In  the  Highland  rocks  we  find 
sometimes  parallel  divisional  surfaces,  giving  them  an  ap- 
pearance of  stratification.  In  those  of  the  Highland  rocks 
which  are  thus  apparently  stratified,  the  apparent  strata  are 
generally  tilted  up  so  as  to  dip  at  a  high  angle,  and  they  are 
often  folded  and  even  extremely  contorted.  In  many  lo- 
calities in  the  Highlands  the  rocks  show  no  traces  of  strati- 
fication whatever. 

These  facts  of  texture  and  structure  show  that  the  Low- 
land rocks  are  sediments  deposited  from  water.  The  High- 
land rocks  are  in  part  rocks  which  were  once  deposited  as 
sediments,  but  which  have  been  so  greatly  altered  by  the 

•See  Plate  IV. 
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action  of  subterranean  heat  and  pressure  and  the  chemical 
action  of  percolating  waters  and  vapors,  as  to  lose  entirely 
their  former  character  of  sedimentary  rocks.  Other  parts 
of  the  rocks  of  the  Highlands  were  formed  as  igneous  rocks 
by  solidification  from  a  state  of  fusion.  These  igneous  rocks, 
as  well  as  the  sedimentary  rocks,  have  for  the  most  part 
suffered  great  alteration  by  subterranean  processes,  me- 
chanical and  chemical.  To  what  has  been  said  in  regard 
to  the  Lowland  rocks,  th^e  trap  rocks,  which  are  found 
chiefly  in  the  hill  ranges  already  mentioned,  form  an  excep- 
tion. These  trap  rocks  are  igneous  rocks.  The  trap  of 
most  of  the  ranges  in  the  Central  Lowland  was  poured 
out  in  the  form  of  lava  sheets,  and  solidified  at  the  surface ; 
that  of  the  ranges  along  the  western  border  of  the  area  was 
injected  into  fissures  between  the  sedimentary  strata. 

The  actual  contact  between  the  rocks  of  the  Highlands 
and  those  of  the  Lowland  is  visible  only  at  a  few  points, 
being  generally  covered  by  soil  and  vegetation.  In  the 
ravine  of  Roaring  Brook,  in  Southington,  the  relation  of  the 
two  kinds  of  rock  to  each  other  may  be  very  distinctly  seen.* 
The  Lowland  rocks  rest  upon  the  upturned  and  water-worn 
edges  of  the  Highland  rocks.  Obviously,  then,  the  High- 
land rocks  are  older  than  the  Lowland  rocks.  Moreover,  the 
Highland  rocks  had  suffered  the  disturbance  and  alterations 
which  have  been  already  referred  to,  and  had  been  sub- 
jected to  more  or  less  erosion,  before  the  deposition  of  the 
Lowland  rocks.t 

Geologic  Eons. —  Of  the  four  eons  into  which  geological 
time  is  divided,  the  Archaean,  Paleozoic,  Mesozoic,  and 
Cenozoic,  the  rocks  of  the  Highlands  belong  entirely  to  the 
first  two.  It  is  as  yet  uncertain  how  much  of  the  Highland 
rocks  is  Archaean  and  how  much  is  Paleozoic,  though  prob- 
ably by  far  the  larger  part  of  the  Highland  rocks  belong  to 

*  A  fuller  description  of  this  remarkable  locality  is  given  on  page  8i,  and  is  illustra- 
ted by  Plate  XIII. 

t  In  the  Pomperang  Valley,  in  the  towns  of  Woodbury  and  Southbury,  as  shown 
in  the  map,  Pig.  z,  there  is  a  small  area  occupied  by  rocks  of  the  same  character  and 
age  as  those  of  the  Connecticut  Valley.  Some  further  account  of  this  interesting 
region  is  given  in  Chapter  III. 
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the  Paleozoic.  In  Archaean  time  it  is  doubtful  whether  there 
were  any  organisms  with  sufficiently  developed  skeletons 
to  be  preserved  as  fossils,  for  only  obscure  and  dubious 
traces  of  fossils  have  been  found  in  rocks  of  Archaean  age. 
In  Paleozoic  time  there  lived  a  rich  and  varied  fauna  of 
marine  invertebrates  and  fishes,  and  before  the  close  of 
Paleozoic  time  amphibians  and  even  reptiles  had  appeared. 
No  fossils  have  been  found  in  the  Highland  rocks  of  Connec- 
ticut ;  but  it  is  probable  that  many  of  the  schists  and  quartz- 
ites  of  the  Highlands,  and  the  marbles  of  the  Housatonic 
Valley,  were  once  fossiliferous,  but  have  had  their  fossils 
obliterated  in  the  alterations  by  which  the  rocks  have  as- 
sumed their  present  crystalline  texture.  We  live  in  hope 
that  further  search  may  yet  reveal  here  and  there  a  trace  of 
a  fossil  not  quite  obliterated,  by  which  we  may  gain  more 
definite  information  as  to  the  age  of  the  rocks. 

Orogenic  Movements. —  It  has  been  already  remarked 
that  all  of  the  Highland  rocks  which  show  indications  of 
stratification  have  the  strata  greatly  disturbed,  tilted  up  at 
high  angles,  and  often  complexly  folded  and  crumpled. 
Such  great  disturbance  of  the  stratification  is  eminently 
characteristic  of  mountain  ranges,  for  mountain  ranges  are 
formed  by  the  wrinkling  of  the  earth's  crust  as  it  settles 
down  to  fit  the  cooling  and  contracting  interior.  The  eastern 
border  of  North  America  has  been  subjected  to  such  oro- 
genic movements  at  several  different  times  in  geological  his- 
tory. One  was  at  the  close  of  the  Archaean,  one  in  the  mid- 
dle of  the  Paleozoic,  at  the  close  of  the  Ordovician,  and 
one  at  the  close  of  the  Paleozoic.  As  the  complete  oblit- 
eration of  fossils  renders  impossible  the  exact  determina- 
tion of  the  ages  of  the  Highland  rocks,  it  is  impossible  to 
determine  how  much  of  the  disturbance  which  the  rocks 
have  suffered  may  be  traced  to  each  of  these  three  orogenic 
epochs.  It  is  not  unlikely  that  all  three  of  these  movements 
had  some  share  in  the  disturbance  of  our  Connecticut  rocks. 
Whatever  effects  they  may  have  experienced  in  previous  or- 
ogenic epochs,  it  is  altogether  probable  that  the  rocks  of 
Connecticut  were  considerably  disturbed  at  the  last  of  these 
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epochs,  namely,  at  the  close  of  the  Paleozoic.  At  that 
time  we  know  that  the  rocks  of  the  Appalachian  range, 
from  New  York  to  Alabama,  experienced  the  main  part  of 
the  disturbance  they  have  suffered. 

At  the  close  of  Paleozoic  time  it  is  not  unlikely  that  there 
were  mountain  ranges  of  Alpine  height,  trending  in  a  gen- 
eral north  and  south  direction,  where  now  we  find  the  rug- 
ged but  not  lofty  Highlands  of  eastern  and  western  Con- 
necticut. A  mountain  range  is  no  sooner  formed  by  the 
shrinkage  of  the  earth's  interior  and  by  the  crumpling  of  its 
crust,  than  the  pnocess  of  degradation  begins.  The  chem- 
ical action  of  the  atmosphere  and  the  action  of  rain  and 
frost  crumble  down  the  mountain  summits,  and  the  moun- 
tain torrents  bear  the  debris  to  the  lowlands,  and  much  of  it 
is  ultimately  carried  by  the  rivers  to  the  sea.  There  are  at 
present  no  high  mountains  in  the  world  which  cannot  be 
proved  to  have  been  elevated  in  times  pretty  late  in  the 
geological  scale.  Only  young  mountains  can  be  high,  for 
ancient  mountains  must  have  been  long  since  degraded  to 
mere  stumps,  unless  a  new  epoch  of  elevation  has  super- 
vened in  the  same  region. 

Connecticut  in  Early  Mesozoic  Time. —  If,  then,  we  try 
to  make  a  picture  of  the  area  of  Connecticut  at  the  beginning 
of  Mesozoic  time,  we  can  imagine  lofty  mountain  ranges 
where  now  we  see  the  Eastern  and  Western  Highlands.  Be- 
tween these  ranges  was  a  long  and  relatively  narrow  bay 
or  estuary,  occupying  the  site  of  the  Central  Lowland,  and 
extending  northward  about  to  the  northern  boundary  of 
Massachusetts.  Into  this  bay  or  estuary  the  torrents  which 
flowed  down  the  sides  of  the  eastern  and  western  mountain 
ranges  bore  the  debris  of  the  mountains ;  and  this  was  the 
origin  of  the  sedimentary  rocks,  the  shales  and  sandstones 
and  conglomerates,  of  the  Central  Lowland.  We  infer  that 
this  bay  or  estuary  did  not  communicate  with  the  ocean  so 
freely  as  to  be  filled  with  salt  water.  No  marine  fossils 
have  been  found  in  any  of  the  rocks  of  the  Connecticut  Val- 
ley, but  remains  of  fishes  which  probably  lived  in  fresh  or 
brackish  water,  and  some  remains  of  plants  and  insects,  and 
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footprints  of  land  animals.  The  area  was  apparently  a 
brackish-water  estuary,  receiving  large  quantities  of  fresh 
water  from  the  mountain  streams  which  came  down  on  each 
side,  and  having  but  a  narrow  outlet  into  the  ocean.  The 
shallowness  of  the  water  over  most  of  this  area  is  indicated 
by  the  frequent  occurrence  of  mud-cracks,  such  as  form 
when  a  layer  of  mud  left  bare  by  a  receding  tide  or  a  sub- 
siding freshet  dries  in  the  sun.  Another  striking  proof  of 
the  shallowness  of  the  water  is  seen  in  the  tracks  of  land  ani- 
mals which  are  found  abundantly  on  many  of  the  layers  of 
the  sandstone.  The  most  abundant  tracks  are  three-toed, 
and  look,  therefore,  much  like  those  of  birds.  It  is  probable, 
however,  that  in  the  Triassic  era,  in  which  these  Connecti- 
cut sandstones  were  deposited,  no  birds  were  in  existence. 
The  three-toed  tracks  were  probably  made  by  bipedal  or 
semi-bipedal  reptiles  belonging  to  the  group  of  dinosauria, 
an  interesting  type  of  animals  belonging  exclusively  to 
Mesozoic  time.  About  midway  between  the  beginning  and 
the  end  of  the  deposition  of  the  sandstones,  great  fissures 
were  formed  in  the  earth's  crust,  through  which  sheets  of 
lava  came  forth  and  spread  out  extensively  over  the  surface. 
There  were,  in  fact,  three  of  these  lava  sheets,  the  first  and 
third  comparatively  thin,  while  the  middle  one  was  hundreds 
of  feet  in  thickness.  In  the  intervals  between  these  lava 
outflows  the  deposit  of  sedimentary  rock  went  on  quietly,  as 
it  did  before  and  after  the  lava  outflows. 

At  the  close  of  the  Triassic  era  the  region  of  the  Central 
Lowland  was  elevated  so  that  the  bay  was  drained.  The 
elevation  was  greater  westward  than  eastward,  so  that  the 
strata  acquired  at  that  time  their  prevailing  easterly  dip.  It 
is  probably  this  greater  elevation  to  the  west  which  deter- 
mined the  course  of  the  lower  part  of  the  Connecticut  River. 
When  the  region  was  elevated  and  drained,  and  the  estuary 
accordingly  gave  place  to  a  river,  it  would  appear  that  the 
altitude  of  the  country  between  Middle  town  and  New 
Haven  was  greater  than  that  of  the  corner  of  the  degraded 
mountain  range  between  Middletown  and  Saybrook.* 


*  For  Culler  diacostion  of  the  history  of  the  Connecticut  River,  see  page  tiQ. 
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In  connection  with  this  elevation  and  tilting  of  the 
sandstones,  there  occurred  also  great  fractures  of  the  earth's 
crust  with  unequal  elevation  on  opposite  sides  of  the  cracks. 
Such  dislocations  are  technically  called  faults.  Some  of 
these  faults  extended  beyond  the  sandstone  area  into  the  area 
of  crystalline  rocks;  and  probably  many  faults  were  made 
at  the  same  time  in  the  crystalline  areas. 

^  Connecticut  in  Middle  Mesozoic  Time. —  A  picture  of 
Connecticut  in  the  middle  of  Mesozoic  time,  just  after  the 
changes  which  took  place  at  the  close  of  the  Triassic,  would 
show,  in  the  regions  of  the  Eastern  and  Western  Highlands, 
the  degraded  remnants  of  mountain  ranges  of  earlier  times, 
while  the  tilted  and  unequally  elevated  blocks  of  the  Con- 
necticut Valley  region  would  show  a  type  of  topography 
not  unlike  that  which  now  prevails  in  parts  of  the  Great 
Basin  in  the  Western  United  States.  There  we  have  the 
surface  marked  by  a  series  of  ranges,  each  showing  on  one 
side  a  precipitous  cliff  marking  the  elevation  of  that  block 
above  the  block  on  the  other  side  of  the  crack.  Such  fault 
cliffs  must  have  been  in  the  middle  of  Mesozoic  time  the 
conspicuous  features  of  what  is  now  the  Lowland ;  and  such 
cliffs  must  have  added  to  the  ruggedness  of  the  mountain 
remnants  in  what  is  now  the  Highlands.  In  later 
Mesozoic  time  there  occurred  no  uplifting  and  no  crumpling 
of  the  strata ;  and  the  agencies  of  the  atmosphere  and  water 
and  ice,  tending  to  degrade  the  level  of  the  country  and  to 
smooth  out  its  inequalities,  had  things  all  their  own  way. 

Denudation. —  Every  one  is  aware,  in  a  general  way,  that 
swift  streams  tend  to  erode  their  banks  and  beds,  while 
sluggish  streams  tend  to  deposit  sediment ;  but  only  those 
who  have  made  some  study  of  the  subject  appreciate  the 
great  effect  of  a  slight  change  in  the  velocity  of  the  current. 
The  weight  of  the  pieces  of  rock  which  can  be  carried  by  a 
river  current  varies  as  the  sixth  power  of  the  velocity.  If 
the  velocity  of  a  stream  is  doubled,  it  can  carry  a  stone 
sixty-four  times  as  heavy  as  the  largest  stone  it  could  move 
before ;    if  the  velocity  of  the  stream  is  increased  tenfold,  it 
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can  carry  a  block  a  million  times  as  large  as  it  could  carry 
before.  The  energy  of  the  stream  is  the  energy  of  a  fall- 
ing body ;  and,  in  accordance  with  the  principles  of  physics, 
that  energy  is  measured  by  the  product  of  the  mass  into  the 
vertical  height  of  the  fall.  The  conditions  of  a  river,  how- 
ever, are  very  different  from  those  of  a  body  falling  freely 
with  only  atmospheric  resistance.  Such  a  body  falls  with 
•continually  accelerated  velocity;  and,  if  the  height  of  the 
fall  is  considerable,  the  body  possesses  at  the  bottom  of  the 
fall  a  tremendous  store  of  energy,  which  may  be  converted 
into  heat  or  may  produce  other  striking  effects.  A  river, 
on  the  other  hand,  has  generally  at  its  mouth  a  velocity 
which  is  almost  zero,  showing  that  its  energy  has  been 
mostly  expended  along  its  course,  .instead  of  being  accumu- 
lated to  take  effect  at  the  end  of  the  journey.  The  energy 
of  a  stream  is,  in  fact,  generally  nearly  all  expended,  partly 
in  friction  and  partly  in  transportation  of  sediment.  The 
sand  and  pebbles  which  a  river  carries  have  a  specific  grav- 
ity two  and  one-half  to  three  and  one-half  times  as  great  as 
that  of  the  water,  and  they  must,  therefore,  be  lifted  in  oppo- 
sition to  gravity  by  upward  eddies  in  the  water  in  order  that 
they  may  be  transported..  The  larger  the  amount  of  energy 
which  is  expended  in  transportation,  the  smaller  will  be  the 
residue  which  can  be  expended  in  overcoming  friction.  It  fol- 
lows, then,  that  the  greater  the  amount  of  sediment  the  less 
will  be  the  velocity  of  the  stream ;  and,  in  turn,  the  less  the 
velocity  the  less  the  competency  of  the  stream  to  carry  the 
coarser  grains  of  sediment.  As  a  result  of  these  dynamic 
principles,  we  have  the  general  law  that  every  stream  tends 
to  shape  its  bed  to  a  slope  which  will  give  the  stream  just 
sufficient  velocity  to  carry  the  load  of  sediment  which  is 
furnished  to  it  by  rain  wash  and  by  tributary  streams. 
That  slope,  for  each  stream,  or  part  of  a  stream,  is  called  the 
profile  of  equilibrium,  and  every  stream  tends  to  shape  its 
bed  to  such  a  profile.  Where  the  bed  is  too  low,  sediment  is 
deposited  till  it  is  filled;  where  the  bed  is  too  high,  the 
stream  erodes  till  it  is  reduced  to  the  proper  profile.  If, 
now,  we  assume  that  any  part  of  a  stream  is  graded  ap- 
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proximately  to  its  profile  of  equilibrium,  its  velocity,  on  an 
average,  will  be  just  sufficient  to  carry  its  load  of  sediment: 
on  the  average  it  will  tend  neither  to  cut  iior  to  fill.  But,, 
if  the  course  of  the  stream  is  a  little  sinuous,  the  velocity 
near  the  concave  bank  will  be  in  excess  of  the  average  ve- 
locity, while  the  velocity  near  the  convex  bank  will  be  less 
than  the  average  velocity.  If  the  average  velocity  is  just 
sufficient  to  carry  the  load,  neither  cutting  nor  filling,  the 
tendency  will  be  to  deposit  sediment  near  the  convex  bank 
and  to  erode  the  concave  bank.  The  sinuosity  thus  be- 
comes exaggerated  into  a  great  horseshoe-shaped  bend,  or 
oxbow:  as  this  process  continues,  the  two  ends  of  the 
oxbow  come  closer  together,  until  finally,  most  likely  in 
some  time  of  freshet,  the  stream  cuts  across  and  straight- 
ens out  its  course,  leaving  a  horseshoe-shaped  lake  of  nearly 
stagnant  water  at  the  side  of  the  main  current  of  the  stream. 
Thus,  when  a  stream  has  worked  down  nearly  to  its  profile 
of  equilibrium,  meander  after  meander  is  formed  and  de- 
stroyed, until  a  strip  of  country  many  miles  wide,  in  case  of 
a  large  river,  is  graded  to  an  almost  perfect  plane.  While 
the  main  streams  of  a  stationary  region  are  thus  widening 
their  valleys  into  plains,  and  this  process  is  gradually  ex- 
tending towards  the  headwaters  of  the  main  streams  and 
their  tributaries,  the  action  of  the  atmosphere  and  rain  and 
frost  is  continually  degrading  the  country  between  the 
streams.  The  divides,  which  in  an  earlier  stage  of  develop- 
ment have  been  strongly  defined  ridges,  are  gradually  flat- 
tened down  to  low  altitudes  and  almost  imperceptible  slopes. 
It  is  evident,  then,  that  in  process  of  time  any  country 
that  IS  exposed  to  the  atmospheric  and  aqueous  agencies  of 
denudation,  in  the  absence  of  any  renewed  uplift  of  the  land, 
will  be  gradually  reduced  to  a  nearly  level  surface.  lit 
such  a  country  the  streams  will  lazily  meander  over  the 
broad  plains  which  they  have  formed,  and  which  are  but 
slightly  depressed  below  the  general  level  of  the  country. 
A  country  in  such  a  condition  is  called  a  peneplain. 

The  Peneplain  of  Southern  New  England. —  At  the  close 
of  Mesozoic  time  the  whole  area  of  Connecticut,  and,  for  that 
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matter,  the  whole  area.of  southern  New  England,  had  been 
reduced  to  the  condition  of  a  peneplain.  The  remnants  of 
mountains  in  the  Eastern  and  Western  Highlands,  and  the 
cliffs  formed  by  the  tilted  and  faulted  blocks  of  the  Central 
Lowland,  had  all  been  substantially  planed  away.  The 
whole  count/y  was  nearly  flat,  no  part  of  it  much  above  the 
sea  level ;  and  the  rivers  crawled  slowly  in  broad  serpentine 
curves  over  the  great  plains  which  they  had  leveled.  If 
anyone  looks  at  the  course  of  the  lower  Connecticut,  as  seen 
in  the  beautiful  panorama  from  Cobalt  Mountain,  or  Great 
Hill,  near  the  boundary  of  Portland  and  Chatham  (shown 
in  Plate  V),  he  will  see  that  the  river,  though  occupying  a 
narrow  gorge,  swings  in  broad  serpentine  curves.  A  river 
does  not  stop  to  make  such  curves  when  it  is  flowing  down 
a  steep  slope  towards  the  sea.  The  curves  of  the  lower 
Connecticut  are  the  curves  which  the  river  took  in  the  old 
days  of  the  peneplain.  Though  the  country  has  since  been 
elevated,  and  the  river  has  had  to  carve  a  gorge,  it  has 
carved  that  gorge  not  in  a  straight  but  in  a  serpentine 
course,  because  it  had  to  stay  in  the  course  which  it  had 
shaped  out  for  itself  before  the  uplift. 

The  Tertiary  Uplift. —  The  formation  of  the  peneplain  of 
Southern  New  England  was  probably  completed  about  the 
end  of  Mesozoic  time.  Early  in  the  Tertiary  era  of  Cenozoic 
time  there  came  a  re-elevation  of  the  country.  This  time 
there  seems  to  have  been  no  folding  or  faulting  of  the  strata, 
but  a  gentle  uplift  of  the  whole  country  into  an  inclined 
plane  which,  at  the  northwest  corner  of  Connecticut,  was 
about  half  a  mile  above  the  sea  level,  and  which  sloped 
gently  to  the  southeast*  At  this  time,  of  course,  the  rivers 
entered  upon  a  new  cycle  of  erosion.  The  uplift  gave  them 
a  steeper  slope,  a  higher  velocity,  and  a  great  revival  of 
erosive  power ;  and  they  began  to  carve  out  a  new  system 
of  valleys  in  the  country  that  had  been  so  nearly  featureless 
just  before.      In  the  work  of  this  new  cycle  of  erosion  the 


*This  southeastward  slope  of  the  uplifted  peneplain  of  southern  New  Env;1and 
probabl>  reprtfsents  one  side  of  a  broad  and  gentle  arch  of  the  eanh'^  crust  (gean. 
tidine)  whose  axis  passed  near  the  northwestern  comer  of  Connecticut. 
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unequal  resistance  offered  by  the  sedimentary  rocks  of  the 
Lowland  and  the  crystalline  rocks  of  the  Highlands  wrought 
a  striking  effect.  On  the  soft  Lowland  sandstones  the 
streams  quickly  wore  down  nearly  to  a  profile  of  equilibrium^ 
and  began  to  swing  sideways  and  to  widen  out  their  valleys 
into  plains,  while  thfe  ridges  between  were  Vapidly  worn 
down  by  the  action  of  the  atmosphere  and  rain  and  frost. 
By  these  processes  the  region  of  the  Central  Lowland  has 
been  brought  to  a  condition  somewhat  approaching  that  of 
a  peneplain.  An  exception  sometimes  proves  a  rul6;  and 
the  high  ridges  which  mark  the  outcrops  of  the  hkrd  sheets 
of  lava  or  trap  emphasize  the  degradation  which  the  areas 
of  weaker  rocks  around  them  have  suffered.  The  principal 
trap  range  in  the  center  of  the  Lowland,  separating  the  Con- 
necticut Valley  from  the  Farmington-Quinnipiac  Valley, 
marks  the  outcrop  of  the  massive  lava  sheet,  the  second  in 
the  series  of  lava  outflows.  While  the  agencies  of  denuda- 
tion have  reduced  the  sandstone  region  far  towards  the  con- 
dition of  a  peneplain,  the  streams  on  the  hard  Highland 
rocks  have  been  able  in  the  same  time  only  to  excavate  nar- 
row trenches,  and  the  regions  between  the  streams  have  suf- 
fered but  little  degradation.  In  the  case  of  rivers  whose 
course  is  partly  in  the  Triassic  and  partly  in  the  crystalline 
area,  there  is  generally  i  strongly  marked  change  in  the 
character  of  the  valley  at  the  boundary  between  the  two 
formations.  The  Connecticut  River  above  Middletown 
flows  in  a  broad  valley  whose  filling  of  drift  has  been  carved 
into  broad  terraces  and  flood  plains,  while  below  Middle- 
town  it  flows  in  a  narrow,  steep-walled  gorge.  Plate  VI 
shows  the  head  of  the  gorge,  which  contrasts  strongly  with 
the  open  valley  shown  in  the  foreground.  The  valley  in 
the  sandstones  shows  the  character  of  age,  that  in  the  crys- 
tallines the  character  of  youth,  though  the  excavation  of  both 
was  commenced  when  the  peneplain  was  uplifted.  It  is  a 
striking  illustration  of  the  principle  that  youth  and  age  in 
river  valleys  are  measured  not  by  centuries  but  by  stages  of 
development.  The  broad  features  of  the  present  topogra- 
phy of  Connecticut  are  due,  then,  simply  to  the  unequal  re- 
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sistance  of  the  Highland  and  Lowland  rocks,  respectively^ 
in  the  new  cycle  of  erosion  initiated  by  the  uplift  which  oc- 
curred at  the  beginning  of  Tertiary  time.  The  strong  crys- 
talline rocks  of  the  Highland  areas  are  left  today  in  the  con- 
dition of  plateau  remnants  gashed  by  innumerable  valleys^ 
while  the  weak  rocks  of  the  Central  Lowland  have  been  de- 
graded to  a  comparatively  low  altitude  and  a  comparatively 
smooth  surface.* 

If,  in  the  post-Triassic  elevation,  the  area  of  the  Central 
Lowland  had  been  uplifted  and  tilted  without  faulting,  there 
would  have  been  one  substantially  continuous  range  of  trap 
extending  from  north  to  south  through  the  area.  It  has 
been,  however,  already  remarked  that,  at  the  time  of  this  up- 
lift and  tilting,*  the  crust  was  broken  by  numerous  cracks, 
and  the  blocks  on  opposite  sides  of  the  cracks  were  un- 
equally elevated.  The  principal  faults  in  the  part  of  the 
Triassic  area  south  of  Hartford  were  developed  along  cracks 
having  in  general  a  northeast  and  southwest  trend ;  and  in 
general  the  southeast  side  of  the  crack  went  up,  and  the 
northwest  side  relatively  went  down.  Each  block  was 
tilted  so  that  its  western  side  was  higher  than  its  eastern ; 
and  the  west  side  of  the  block  on  the  east  of  each  crack  rose 
in  a  mighty  wall  above  the  east  side  of  the  western  block. 
As  has  been  already  stated,  all  these  cliffs  were  planed  away 
in  the  formation  of  the  great  peneplain  in  later  Mesozoic 
time.  But  these  faults  have  a  great  influence  upon  the 
present  topography,  in  that  they  have  broken  the  line  of 
outcrop  of  the  great  trap  sheet,  which  would  otherwise  have 
been  continuous,  into  a  series  of  short  lines  which,  in  gen- 
eral, are  shifted  farther  and  farther  to  the  east  as  we  go 
southward  from  the  latitude  of  Hartford.  The  Hanging 
Hills  of  Meriden,  the  range  of  Lamentation,  the  Higby- 
Beseck  range,  and  the  Saltonstall  range  east  of  New  Ha- 
ven, are  thus  parts  of  the  outcropping  edge  of  the  same 


•  In  the  n  trthwest  comer  of  the  state,  the  Housatonic  River  flows  for  a  few  miles 
in  a  valley  of  considerable  breadth,  as  is  the  case  farther  north  in  Berkshire  County, 
Massachusetts.  In  this  case,  the  reason  for  the  breadth  of  the  valley  is  the  existence 
of  a  limestune  formation,  which  is  easily  eroded  on  account  of  the  solubility  of  the 
material. 
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vast  lava  sheet,  broken  apart,  and  arranged  in  parallel 
and  overlapping  lines,  as  the  result  of  the  great  series 
of  faults.  The  form  of  these*  trap  hills  is  the  simple 
and  obvious  result  of  the  unequal  resistance  of  the 
rocks  and  the  tilting  of  the  strata.  The  gentle  eastward 
slope  of  the  trap  hills  corresponds  simply  to  the  dip  of  the 
strata;  the  overlying  sandstones  have  been  removed,  and 
the  whole  gentle  slope  of  the  hill  is  formed  by  the  sheet  of 
lava.  On  the  west  side,  where  the  soft  sandstones  are  ex- 
posed beneath  the  trap,  the  agencies  of  erosion  have  carved 
down  to  the  general  level  of  the  valley,  thus  giving  the  al- 
most precipitous  west  face  which  in  general  characterizes 
these  hills. 

The  Glacial  Period. —  The  broad  features  of  the  present 
geography  of  Connecticut  were  substantially  completed  in 
Tertiary  time ;  but  important  modifications  in  detail  are  due 
to  the  events  of  Quaternary  time,  and  especially  to  the 
action  of  the  great  ice  sheet  in  the  Glacial  period.  At  the 
beginning  of  Quaternary  time,  glaciers  developed  in  the 
highlands  between  Hudson  Bay  and  the  Saint  Lawrence, 
which  became  confluent  into  a  vast  ice  sheet,  blending  on  the 
west  with  the  ice  sheet  that  covered  the  northern  part  of  the 
great  Western  Cordillera.  This  sea  of  ice  extended  south- 
ward over  Canada,  New  England,  and  the  northeastern 
United  States  in  general,  at  one  point  even  crossing  the 
Ohio  River  and  extending  a  little  distance  into  Kentucky. 
The  extent  of  the  glaciated  area  is  shown  on  the  map,  Fig. 
i8,  p.  230.  Over  most  of  New  England  the  general  course  of 
the  ice  movement  was  somewhat  east  of  south.*  It  scraped 
off  the  products  of  rock  disintegration,  the  soils  and  subsoils 
and  masses  of  rotten  rock  which  had  been  slowly  accumu- 
lating in  the  long  ages  since  Paleozoic  time.  It  ground  into 
the  solid  rocks  which  lay  beneath  the  rotten  rock;  and 
everywhere  the  rocks  were  marked  with  that  smooth  and 
polished  surface  and  those  parallel  striae  and  grooves  which 
are  so  conspicuous  whenever  we  uncover  a  fresh  surface  of 


•  See  map.  Fig.  i<^  pajre  339. 
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bed  rock,  and  which  tell  their  unmistakable  story  of  glacial 
action.*  Much  of  the  old  accumulation  of  soil  which  was 
thus  scraped  up  by  the  glacier  must  have  been  carried  into 
the  sea.  When  the  climate  grew  milder  again,  and  the  ice 
sheets  gradually  melted  away,  the  country  was  left  covered 
with  a  sheet  of  the  heterogeneous  deposit  known  under  the 
name  of  tillA  It  consists  partly  of  the  remnants  of  the  old 
mantle  of  disintegrated  and  decomposed  rock,  partly  of  frag- 
ments worn  and  torn  from  the  underlying  unaltered  rocks 
by  thfc  action  of  the  glacier.  Its  most  marked  characteris- 
tic is  its  heterogeneousness ;  fine  sand,  clay,  and  pebbles, 
and  bowlders  weighing  many  tons,  are  heaped  confusedly 
together.  Rarely  in  New  England  can  we  find  in  an  ex- 
cavation, either  natural  or  artificial,  that  passage  by  fine 
gradations  from  solid  rock  through  rotten  rock  and  subsoil 
to  the  surface  soil,  which  is  so  commonly  observed  in  the  un- 
glaciated  regions  of  the  Southern  States.  Far  more  com- 
monly in  New  England  we  find  the  heterogeneous  mass  of 
till  resting  without  any  gradation  upon  almost  unaltered 
rock.  The  contrast  in  this  respect  between  the  conditions 
in  New  England  and  those  in  the  region  south  of  the  glaci- 
ated area  is  shown  in  Plate  XXV. 

Some  minor  topographical  features  are  connected  with 
the  distribution  of  the  drift.  While  in  some  places  the  ice 
seems  to  have  scraped  down  into  the  unaltered  rock  and 
shoved  along  all  the  debris,  in  other  places  the  ice  seems  to 
have  ridden  up  over  great  masses  of  till ;  and,  when  the  ice 
sheet  melted  away,  these  great  masses  of  till  were  left  as 
low,  flat  domes,  sometimes  nearly  circular  in  outline,  but 
often  elliptical,  with  the  major  axis  of  the  ellipse  trending 
nearly  in  the  direction  of  the  ice  movement.  Such  dome- 
shaped  hills  are  called  drumlins,  and  in  some  parts  of  Con- 
necticut they  are  very  conspicuous  features  in  the  landscape. 
One  of  these  drumlins,  near  Highland  Park,  in  Manchester, 
is  shown  in  Plate  XXX. 

•See  PUi«  XXVII. 

t  The  till,  and  the  aqnenuHand  aqueo-f^lacial  deposits,  more  or  less  distinctly  strat- 
ified, associated  with  the  till,  are  included  under  the  name  i/n//. 
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There  is  reason  to  believe  that  at  the  beginning  of  the 
Glacial  period  the  continents,  at  least  in  their  northern 
portion,  stood  at  a  somewhat  higher  level  than  at  present, 
and  that  greater  elevation  of  the  land  was  probably  the  cause 
of  the  glacial  climate.  Elevation. of  land  has  a  certain 
amount  of  direct  effect  in  lowering  the  temperature;  but 
it  has  recently  been  shown  to  be  probable  that  a  general  con- 
tinental elevation  has  a  much  more  important  indirect  effect 
upon  the  climate  by  reason  of  a  complicated  series  of 
changes  resulting  in  a  diminution  of  the  amount  of  carbon 
dioxide  in  the  atmosphere,  allowing  a  more  rapid  loss  of  heat 
by  radiation  from  the  earth's  surface  into  space.*  While 
the  country  at  the  beginning  of  the  Glacial  period  probably 
stood  at  a  higher  level  tlian  at  present,  it  seems  certain  that 
at  the  time  of  the  final  melting  of  the  ice  sheet  the  country 
was  depressed  to  a  somewhat  lower  level  than  at  present. 
This  lower  level  of  land,  of  course,  diminished  the  power 
of  the  streams  for  erosion  and  transportation,  arfd  caused  the 
valleys  which  had  been  excavated  in  bed  rock  to  be  largely 
filled  up  with  drift.  To  some  extent,  indeed,  the  valleys 
had  come  to  be  filled  with  the  unstratified  and  heterogene- 
ous till  shoved  into  them  by  the  movement  of  the  glacier. 
But  there  are  also  in  most  of  the  valleys  extensive  deposits 
of  sand  and  gravel  and  clay,  sorted  and  stratified  by  water, 
which  were  undoubtedly  deposited  by  the  waters  of  the 
streams  whose  velocity  was  checked  by  subsidence,  and 
which  in  parts  were  dammed  up  by  accumulations  of  drift 
and  converted  into  lakes.  Between  Hartford  and  Middle- 
town  there  are  extensive  deposits  of  this  stratified  material 
rising  to  a  height  of  about  two  hundred  feet  above 
the  present  level  of  the  river.  As  these  sediments 
along  the  lower  Connecticut  were  probably  deposited  at  sea 
level,  or  a  very  little  above  sea  level,  it  may  be  inferred 
that  the  post-Glacial  subsidence  carried  that  part  of  the 
valley    between    Hartford    and    Middletown    nearly    two 

•Chamberlin,  Kn  Journal  of  Geology^  vol.  VI»  pp.  449, 597,  609,  vol.  VII,  pp.  545,  667. 
The  theory  of  climatic  chancres  developed  in  the«e  articles  is  not,  however,  univer- 
ally  accepted.  See  Hann,  Handbjok  of  Climatology^  Part  I,  p.  398. 
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hundred  feet  below  its  present  level.  The  amount  of  the 
subsidence  diminished  to  only  a  few  feet  at  Long  Island 
Sound,  but  increased  northward.  In  the  Saint  Lawrence 
Valley  marine  sediments  were  deposited  at  that  time  which 
are  now  about  five  hundred  feet  above  the  sea  level.  In  the 
valley  of  the  Connecticut  these  river  deposits  attained  in 
places  a  width  of  ten  miles.  It  must  not,  however,  be  in- 
ferred that  the  Connecticut  River  was  ten  miles  wide  at 
that  time.  Rather  must  we  infer  that  the  river  wandered 
in  meanders  over  that  belt  of  country,  excavating  here  and 
depositing  there,  rapidly  changing  its  course  from  time  to 
time,  and,  in  places,  distributing  itself  into  branches  which 
reunited  below,  inclosing  islands  in  the  network  of  river 
channels. 

The  latest  geographical  change  chronicled  for  this 
region  is  the  slight  re-elevation  by  which  the  country  as- 
sumed, substantially,  its  present  level.  As  this  elevation, 
like  the  previous  subsidence,  was  greater  towards  the  north, 
southward-flowing  streams  gained  again  increased  velocity 
and  increased  power  of  erosion  and  transportation;  and 
new  flood  plains  were  accordingly  formed  at  a  lower  level 
than  the  broad  plains  over  which  the  river  had  been  lately 
meandering.  Remnants  of  these  broad  plains  of  drift  may 
generally  be  recognized  on  one  side  or  on  both  sides  of  the 
valley,  forming  those  terraces  which  are  so  characteristic 
a  feature  of  the  scenery  of  New  England  and  other  portions 
of  the  glaciated  region.  Plate  VII  shows  a  portion  of  one 
of  these  terraces  and  the  modern  flood  plain.  Sometimes,  as 
in  the  locality  represented  in  Plate  VII,  we  find  a  single  ab- 
rupt descent  from  a  high  terrace  to  the  modern  flood  plain, 
while  in  other  places  stages  in  the  process  of  elevation  and 
erosion  are  marked  on  one  or  both  sides  of  the  stream  by  in- 
termediate terraces  rising  like  flights  of  stairs.  The  Connecti- 
cut River,  within  the  limits  of  our  state,  seldom  shows  more 
than  one  or -two  intermediate  terraces,  and  generally  none  at 
all;  while  along  the  northern  part  of  the  river,  in  New 
Hampshire  and  Vermont,  numerous  terraces  are  often 
shown.      Numerous  terraces  are  shown  also  on  many  of  the 
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tributaries  of  the  Connecticut.      The  difference  between  the 
upper  and  the  lower  Connecticut,  as  regards  the  develop- 
ment of  intermediate  terraces,  is  probably  correlated  with 
the  fact  that  at  the  time  of  the  post-Glacial  subsidence, 
when  the  great  deposits  of  stratified  drift  were  formed,  the 
upper  Connecticut  occupied  a  comparatively  narrow  valley, 
while  the  lower  Connecticut  was  a  tidal  estuary  of  great 
breadth.    The  condition  of  the  formation  of  intermediate  ter- 
races is  generally  that  the  river,  in  the  lateral  extension 
encounters  ledges  of  rock  or  hard. masses 
uld  naturally  occur  more  frequently  in  the 
:hannel  in  a  comparatively  narrow  valley 
ation  of  a  channel  in  such  a  mass  of  drift 
estuary  of  the  lower  Connecticut, 
he  old  valleys  by  drift,  and  the  consequent 
e  drainage  system  of  the  region,  have  re- 
ation  of  innumerable  waterfalls.      In  many 
alls  have  been  produced  where  a  stream, 
the  broad  drift  plain  which  filled  its  ancient 
ing  on  the  edge  of  the  plain  where  the 
thin.      In  such  cases,  as  the  land  rose  and 
erode  its  bed,  the  deepening  of  the  channel 
arrested  when  the  river  in  its  down-cut- 
hard  bed-rock  below  the  capping  o^  drift, 
s  down  the  stream,  the  river  was  flowing 
if  the  drift  plain,  where  the  drift  sheet  was 
p  slope  would  naturally  be  developed  from 
on  of  the  channel  carved  where  the  drift 
deeper  channel  carved  in  the  thicket  mass 
T  cases,  however,  streams  were  completely 
i  their  old  courses,  and  forced  to  carve  for 
iistance  entirely  new  valleys.t    Waterfalls 
laturally  be  developed  wherever  ledges  of 
It  rock  retarded  the  erosive  action  of  the 
[II  shows  a  beautiful  example  of  one  of 

s/n  .Veto  £n^/anJ,  in  Huli.  Musfum  of  Comf*arative  Zoology, 

\  this  condition*  see  discuuion  of  chanf^es  of  drainagfe  in  th*^ 
Valley,  paf^es  121,  251. 
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these  waterfalls.  The  fall  obviously  began  where  the  hard 
sheet  of  trap  was  cut  off  by  a  fault.  The  little  gorge  shown 
in  the  picture  below  the  falls  has  the  character  of  an  ex- 
tremely young  valley,  and  is  obviously  post-Glacial. 
Waterfalls  are  always  short-lived  with  reference  to  the 
scale  of  geological  time,  since  the  river  in  time  wears  away 
the  ledges  which  at  first  had  resisted  its  erosive  action,  and 
shapes  the  whole  length  of  its  channel  to  a  profile  of  equi- 
librium. In  regions  where  the  drainage  system  has  long 
remained  undisturbed,  as  in  the  southern  states  of  our  coun- 
try, waterfalls  are  rare,  since  the  rivers  have  had  time  to 
plane  down  to  a  profile  of  equilibrium  nearly  the  whole  of 
their  channels.  The  innumerable  waterfalls  of  New  Eng- 
land and  the  adjacent  states  are  the  result  of  the  disturbance 
of  the  drainage  system  resulting  from  the  Glacial  period. 

Another  effect  of  the  disturbance  of  the  drainage  system 
of  this  region  by  the  deposits  of  drift  is  seen  in  the  abund- 
ance of  lakes.  Lakes,  like  waterfalls,  are  geologically 
short-lived.  The  inflowing  streams  deposit  sediment  that 
tends  to  fill  the  lakes;  the  outflowing  streams  gradually 
lower  their  channels  and  tend  to  drain  them.  When  a 
watercourse  has  shaped  itself  to  a  profile  of  equilibrium,  all 
lakes  along  its  course  will  have  disappeared.  Some  of  the 
lakes  are  formed  by  masses  of  drift  which  have  dammed  up 
portions  of  old  valleys.  Some  small  ponds  occupy  the  de- 
pressions called  kettle-holes,  which  have  been  produced  by 
the  settling  down  of  the  sand  and  gravel  where  masses  of  ice 
were  melting  which  had  been  buried  in  the  drift. 

One  interesting  effect  of  the  changes  of  level  in  Quater- 
nary time  has  been  the  drowning  of  the  lower  parts  of  our 
rivers,  forming  thereby  the  harbors  along  our  coast.  Long 
Island  Sound,  in  fact,  is  a  large  example  of  a  drowned  river 
valley. 

The  action  of  the  ice  sheets  in  scraping  off  the  soils 
which  had  resulted  from  the  processes  of  rock  decompo- 
sition and  rock  disintegration  that  had  been  going  on  for 
ages,  and  transporting  much  of  that  disintegrated  material 
to*  the  .Kea,  probably  resulted  in  a  decided  deterioration  of 
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our  territory  as  regards  adaptation  for  agriculture.  The 
changes  of  Quaternary  time,  however,  have  afforded  abund- 
ant compensation  for  their  injury  to  the  agricultural  inter- 
ests of  the  State  by  providing  us  with  an  unlimited  supply 
of  water-power  for  manufactures  and  with  harbors  well 
adapted  for  commerce. 

Summary. —  The  relation  of  the  successive  changes  of 
geological  history  to  the  present  geography  and  topography 
of  Connecticut  may  be  briefly  summed  up  in  the  following 
statements:  —  The  rocks  of  the  Highlands  acquired  their 
present  crystalline  character  in  connection  with  the  orogenic 
movements  of  Archaean  and  Paleozoic  time.  The  sedimen- 
tary rocks  of  the  Central  Lowland  were  deposited  in  Trias- 
sic  time,  and  were  derived  from  the  waste  of  the  mountain 
ranges  which  may  then  have  existed  in  the  regions  of  the 
present  Highlands.  The  draining  of  the  Connecticut  es- 
tuary occurred  at  the  close  of  Triassic  time.  The  whole 
area  of  Connecticut  was  reduced  to  a  peneplain  in  later 
Mesozoic  time.  A  general  elevation  of  the  country  in  Ter- 
tiary time  led  to  the  development  of  the  broad  features  of 
the  present  topography.  While  the  action  of  erosion  on  the 
soft  rocks  of  the  Central  Lowland  was  able  to  reduce  that 
part  of  the  state  again  to  a  condition  approaching  a  pene- 
plain, in  the  same  lapse  of  time  the  streams  working  on  the 
hard  rocks  of  the  Highlands  could  only  carve  narrow,  gorge- 
like valleys.  While  the  broad  features  of  the  topography 
were  shaped  in  Tertiary  time,  many  minor  details,  such  as 
drumlins,,  river  terraces,*  waterfalls,  lakes,  and  harbors, 
were  due  to  the  changes  of  Quaternary  time. 


*  The  deposits  of  stratified  drift  formins:  the  terraces  have  been  described  on  pagre 
34  as  formed  in  the  valleys  after  the  retirement  of  the  ice.  Accordingr  to  this  view 
,the  terraces  are  remnants  of  plains  of  stratified  drift  which  once  extended  across  the 
valleys.  This  is  probably  the  true  explanation  of  many  of  the  terraces.  But  recent 
investiji^ations  show  that  probably  some  of  the  terraces  (particularly  in  the  lower  or 
estuarine  portions  of  the  larger  rivers)  were  formed  as  delta  deposits  along  the 
sides  of  the  valleys,  while  tongues  of  ice  extending  beyond  the  general  line  of  the 
receding  ice  sheet  still  occupied  the  central  part  of  the  valleys. 
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THE  CRYSTALLINE  ROCKS. 


Part  L 
GENERAL  PRINCIPLES.* 


INTRODUCTION. 

With  the  exception  of  the  rocks  of  Triassic  age,  described 
in  Chapter  III,  the  entire  state  of  Connecticut  is  underlain 
by  crystalline  rocks  of  very  great  antiquity.  As  indicated 
on  the  maps  (Fig.  i,  page  19,  and  Plate  XIV),  the  Triassic 
areas  cover  about  1,000  square  miles,  and  the  Ancient  Crys- 
tallines occupy  the  remainder  of  the  4,990  square  miles  which 
make  up  the  state.  Thus,  the  crystalline  rocks  may  be  said  to 
constitute  the  floor  of  the  state  and  to  be  the  characteristic 
rock  formation.  They  everywhere  surround  and  underlie 
the  sandstones  and  lavas  of  a  later  age. 

This  widespread  distribution  of  crystalline  rocks  as 
compared  with  unaltered  sedimentary  deposits  is  char- 
acteristic of  New  England  as  a  whole,  as  well  as  of  the 
state  of  Connecticut.  Small  areas  of  slightly  changed  sedi- 
ments are  found  in  Rhode  Island,  and  in  central  and  eastern 
Massachusetts.  Vermont  and  New  Hampshire  also  have 
representatives  of  this  class  of  rocks.  Maine  has  fossilifer- 
ous  sediments  in  several  localities,  particularly  in  the  Aroos-. 
took  region.  Considered  as  a  whole,  however,  rocks  other 
than  crystalline  are  rare  in  New  England ;  and  the  region  is 
clearly  a  geological  province  of  metamorphosed,  crystalline 
rocks,  varied  here  and  there  by  areas  consisting  of  other 
types. 

The  ancient  rocks  of  the  crystalline  tracts  differ  radically 
from  the  sandstones  and  traps  of  the  Connecticut  and  Pom- 
peraug  valleys.      As  a  rule,  we  find  simplicity  and  reason- 

*  It  i«  here  taken  for  ffranted  that  the  reader  has  a  knowledge  of  elementary 
^enlogy.  at  least  so  far  as  to  be  acquainted  with  the  chief  mineral  species  and^com- 
num  rocks,  the  geological  ages,  and  the  main  geological  processes. 
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able  uniformity  in  the  latter,  while  complexity  and  variety 
characterize  the  former.  The  method  of  origin  and  history 
of  the  sandstones  are  fairly  well  known,  yet  we  are  ignorant 
of  the  meaning  of  many  structures  in  the  crystallines,  and 
the  origin  of  certain  rocks  in  Connecticut  is  shrouded  in 
mystery.  An  explanation  of  sedimentary  rocks  requires  a 
knowledge  of  the  forces  operating  at  the  present  time  on 
the  surface  of  the  earth.  It  is  necessary  to  understand  the 
action  of  rivers,  winds,  ice,  etc.  A  complete  understanding 
of  the  crystallines  involves  a  knowledge  of  the  forces  which 
are  at  work  within  the  interior  of  the  earth,  as  well  as  an  un- 
derstanding of  the  chemical  and  mineralogical  composition 
of  the  rocks  as  they  exist.  Much  detailed  study  is  required ; 
and  the  cooperation  of  physicists,  chemists,  and  geologists 
is  necessary  to  solve  the  problems  presented  by  metamor- 
phic  rocks.  It  is  but  fair  to  state  that  data  are  not  at  hand 
and  methods  have  not  as  yet  been  developed  which  make  it 
possible  completely  to  understand  the  composition,  struc- 
ture, origin,  and  history  of  many  rocks  within  the  state. 
Geological  science  is  not  sufficiently  advanced  to  solve  the 
problems  offered  by  some  of  our  most  widespread  rock  for- 
mations. The  reader  should  therefore  not  be  discouraged  at 
his  inability  fully  to  understand  the  geology  of  his  locality, 
and  to  recognize  readily  the  innumerable  varieties  of  rock 
which  he  finds  in  the  ledges  or  scattered  along  the  roadsides 
throughout  the  area  of  the  ancient  crystallines.  An  ad- 
ditional difficulty  confronts  the  student  of  Connecticut  ge- 
ology in  that  some  of  the  bowlders  built  into  fences  or 
strewn  over  the  field  cannot  be  traced  to  their  parent  ledge 
within  the  state,  and  a  knowledge  of  the  geology  of  the 
regions  to  the  north  may  be  necessary  before  the  history  of 
a  roadside  pebble  can  be  interpreted.* 

Although  it  is  impossible  to  give  a  complete  account  of 
the  origin  and  history  of  the  ancient  crystallines,  many  facts 
about  them  are  known ;  and  it  is  the  purpose  of  this  chapter 
to  present  these  facts,  and  to  explain  the  characteristic 

*  These  bowlders  which  have  been  brousrtat  to  the  state  by  the  great  ice-sheet  of 
the  Glacial  period  are  ezplaiDed  more  fully  in  chapter  IV. 
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features  of  the  geological  formations  found  within  the  state 
both  east  and  west  of  the  Triassic  areas. 

SEDIMENTARY,    IGNEOUS,   AND   METAMORPHIC    ROCKS. 

For  the  convenience  of  students  of  science,  rocks  have 
been  divided  into  three  classes:  sedimentary,  igneous,  and 
metamorphic.  Each  of  these  classes  is  represented  in  Con- 
necticut by  many  varieties. 

Sedimentary  Rocks. —  The  sedimentary  rocks  are  those 
which  have  been  laid  down  by  water.  They  are  muds, 
sands,  gravels,  and  ground-up  shells,  which  have  been  ce- 
mented and  pressed  into  solid  rock.  Such  are  the  shale 
beds  at  Saltonstall,  Durham,  and  Bloomfield;  the  sand- 
stones at  Portland,  Tariffville,  and  Windsor ;  the  conglom- 
erates at  Fair  Haven  and  Meriden;  and  the  thin  beds  of 
limestone  west  of  the  main  lava  ridges  in  Northford  and 
Southington.  The  shales,  sandstones,  and  conglomerates 
are  made  of  fragments  of  other  rocks,  and  their  composition 
and  structure  reveal  their  history.  Sandstone  tells  the 
story  of  a  preexisting  land  area,  of  the  action  of  frost,  wind, 
and  ice,  which  disintegrated  the  original  rock,  and  of  moving 
water  in  the  form  of  rivers  or  waves  which  carried  the 
broken  material  to  a  place  of  rest.  The  cement  between 
the  individual  grains  tells  of  the  presence  of  water  carrying 
mineral  matter  in  solution.  Thus  it  is  with  other  sedimen- 
tary rocks ;  each  contains  within  itself  a  more  or  less  legi- 
ble life  history. 

Igneous  Rocks. —  Igneous  rocks  have  been  once  molten 
and  have  solidified  by  cooling.  They  are  therefore  typi- 
■cally  composed  of  crystals,  as  compared  with  sedimentary 
rocks,  which  are  formed  of  broken  fragments.  In  ac- 
<ordance  with  their  chemical  and  mineral  composition, 
igneous  rocks  are  divided  into  a  great  number  of  species  — 
granite,  syenite,  diorite,  basalt,  etc.  The  conditions  under 
which  these  rocks  cooled  have  made  a  great  difference  in 
their  texture ;  hence  we  find  fine-grained  granites  like  those 
from  Millstone  Point  and  coarse-grained  rocks  like  those 
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quarried  at  Stony  Creek.  The  history  of  an  igneous  rock 
is  revealed  by  an  examination  of  its  composition,  texture, 
and  structure ;  thus,  for  example,  it  is  known  that  the  dia- 
base of  East  Rock  at  New  Haven  was  forced  into  the  sand- 
stone and  cooled  below  the  surface  of  the  earth ;  that  the 
rock  of  Talcott  Mountain  is  basalt,  formed  on  the  surface  as 
a  lava  flow;  that  the  granite  rock  quarried  at  Waterford 
cooled  at  a  very  great  depth  below  the  surface. 

The  sedimentary  rocks  of  Connecticut  are  confined  to 
the  Triassic  areas  —  the  Connecticut  Valley  and  the  Pom- 
peraug  Valley.  The  unchanged  igneous  rocks  have  a  large 
development  within  the  Triassic,  and  are  present  in  small 
amounts  throughout  the  State.  The  rocks  of  these  two 
types  require  no  explanation  beyond  that  given  in  ordinary 
text-books.  The  great  mass  of  Connecticut  rocks,  forming 
the  ledges  and  distributed  as  loose  bowlders,  belong  to  the 
third  class,  the  metamorphic,  and  require  special  explana- 
tion. 

Metamorphic  Rocks. —  Metamorphism  is  a  term  intro- 
duced by  Lyell  as  the  name  of  a  process  by  which  rocks  are 
profoundly  changed  from  their  original  condition.  The 
rocks  resulting  from  such  changes  are  called  metamorphic. 
The  early  geologists  believed  that  metamorphic  rocks  were 
always  modified  forms  of  sedimentary  deposits,  but  it  is  now 
known  that  the  original  rock  may  have  been  either  sedimen- 
tary or  igneous,  and  metamorphic  rocks  themselves  may  be 
changed  again  and  again.  Metamorphism  is  in  general  a 
change  in  the  direction  of  greater  induration  and  more  com- 
plete crystallization.  The  amount  of  metamorphism  which 
takes  place  may  be  slight,  as  in  the  case  of  a  clay  hardened 
by  contact  with  heated  rock.  The  great  areas  of  metamor- 
phic rock,  however,  have  undergone  much  greater  changes 
in  texture,  composition,  and  structure — changes  so  far-reach- 
ing that  in  many  cases  it  is  impossible  to  determine  the  na- 
ture of  the  original  rock.  Changes  of  this  sort  have  oc- 
curred in  the  Connecticut  crystallines,  and  their  appearance 
is  so  altered  that  the  original  rocks  and  their  metamorphic 
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^equivalents  would  be  naturally  classed  as  unrelated  types. 
They  have^been  thus  classed  in  the  past,  as  the  older  geo- 
logic maps  will  show,  and  it  is  reasonable  to  expect  that 
•eventually  groups  of  rock  which  we  now  distinguish  will 
be  found  to  be  different  phases  of  the  same  formation.  Only 
an  expert  geologist  is  able  to  see  an  ancient  diabase  in  the 
chlorite  schist  of  Milford,  and  to  recognize  that  the  mica- 
ceous rock  of  Bolton  Notch  formerly  existed  as  mud. 

A  striking  feature  of  the  Connecticut  crystallines  is  the 
absence  of  fossils.  So  great  have  been  the  changes  induced 
by  heat  and  pressure  that  all  traces  of  former  life  have  been 
destroyed.  Not  even  a  fragment  of  a  fossil  has  been  found 
in  these  rocks  within  the  limits  of  the  state.  The  far- 
reaching  importance  of  this  fact  is  at  once  seen  when  we 
realize  that  fossils  are  a  means  of  finally  determining  the 
^eolog^cal  age  of  rocks,  and  that,  owing  to  the  absence  of 
these  remains,  the  age  of  the  crystallines  in  Connecticut  is 
unknown.  We  have  proof  that  the  metamorphic  rocks 
are  older  than  the  sandstones,  which  are  of  Triassic  age,  be- 
cause they  lie  unconformably  beneath  the  strata  of  the 
Farmington  Valley ;  but  whether  they  are  mostly  Cambro- 
Silurian  or  Carboniferous,  or  whether  some  are  Archaean, 
and  representatives  of  all  the  Paleozoic  ages  are  present,  is 
not  known.  This  absence  of  fossils  makes  of  little  value 
the  ordinary  methods  of  determining  the  relations  of  the 
various  formations,  and  we  must  learn  what  we  can  from  a 
study  of  the  composition,  texture,  and  structure  of  the  rocks 
themselves. 

PRINCIPLES  OF   METAMORPHISM. 

Because  the  structure  of  metamorphic  rocks  is  so  en-  ^ 
tirely  different  from  that  of  sedimentary  and  igneous  types, 
and  because  their  origin  is  due  to  forces  which  have  not 
operated  in  the  case  of  the  unmetamorphosed  varieties,  it 
may  be  found  helpful  to  discuss  briefly  the  physical  and 
chemical  principles  underlying  metamorphism.* 

•For  a  complete  diacuAsion  of  these  pr4nciples,  see  Van  HIse,  A  Treatise  on 
Metamorphism^  U.  S.  Geological  Survey,  Monograph  XLVII. 
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Contact  Metamorphism. —  Metamorphism  may  result 
from  exceptional  heat  applied  to  rocks,  in  which  case  the 
process  is  largely  one  of  expulsion  of  water  and  hardening 
and  discoloration,  with  partial  fusion.  The  process  is  well 
exhibited  at  the  margin  of  the  dikes  cutting  the  sandstone 
of  the  Fair  Haven  tunnel,  where  the  sandstone  is  hardened 
by  contact  with  the  molten  material ;  and  is  very  much  like 
the  process  of  brick-making.  Elsewhere  in  the  area  covered 
by  the  Triassic  rocks  this  process  of  local  metamorphism 
by  contact  with  hot  rock  is  well  shown. 

Metamorphism  usually,  and  always  on  a  large  scale,, 
is  the  result  of  heat  combined  with  great  lateral  pressure. 
The  metamorphic  crystallines  of  Connecticut,  as  well  as 
most  other  metamorphic  rocks,  are  the  result  of  widespread 
activity  on  the  part  of  forces  acting  below  the  earth's  sur- 
face. 

Movements  of  Rock  under  Pressure. —  In  shrinking,  the 
earth  requires  a  continuous  adjustment  of  the  outer  zone  to 
the  interior ;  and  various  minor  adjustments  are  due  to  the 
fact  that  parts  of  the  earth's  surface  are  weighed  down  by 
the  accumulation  of  sediments,  while  other  parts  are  having 
material  removed  by  erosion.  The  result  of  these  and  other 
causes  is  that  rocks  are  continually  subjected  to  strain,  and 
when  found  in  nature  are  much  or  little  affected,  according 
to  the  amount  and  the  character  of  the  thrust.  The  chief 
factors  which  control  the  deformation  of  a  rock  mass  under 
a  given  thrust  are  the  thickness,  strength,  and  composition  of 
the  rock,  and  the  character  and  thickness  of  the  materials 
which  enclose  it  above  and  below.  The  pressure  exerted 
by  thousands  of  feet  of  strata  causes  deeply  buried  rock 
masses  to  behave  quite  differently  from  those  at  the  earth's 
surface.  In  accordance  with  these  principles  three  zones 
within  the  earth  are  distinguished;  namely,  the  zone  of 
fracture,  the  zone  of  flowage,  and  the  zone  of  combined 
fracture  and  flowage.  In  each  of  these,  rocks  are  differ- 
ently affected  and  certain  characteristic  structures  are  devel- 
oped. 
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Zone  of  Fracture. —  When  rocks  at  the  earth's  surface 
are  subjected  to  lateral  pressure,  they  break,  and  leave 
crevices,  small  or  large,  between  the  broken  parts.  This 
condition  holds  true  of  rocks  below  the  earth's  surface  down 
to  a  depth  where  the  weight  above  them  is  greater  than  the 
strength  of  the  rock  to  resist.  The  fracture  may  appear  at 
the  surface  as  a  fault,  joint,  or  mass  of  crushed  rocks,  held 
firmly  in  place.  Often  the  fractures  are  innumerable  and  ex- 
tend in  one  direction  over  a  wide  area.  Rocks  so  located 
in  the  earth  that  they  break  when  subjected  to  pressure  are 
said  to  be  in  the  sone  of  fracture.  The  depth  of  this  zone 
below  the  earth's  surface  varies  with  the  strength  of  the 
rock ;  but  even  for  the  most  rigid  rocks  there  comes  a  place, 
never  at  a  great  depth  in  comparison  with  the  earth's 
diameter,  where  the  weight  of  the  rocks  above  exceeds  the 
ultimate  strength  of  the  rock  beneath ;  and  here  no  joint, 
or  fracture,  or  cavity  of  any  sort  can  exist.  In  the  case  of 
soft  shales,  this  depth  may  not  exceed  2,000  feet,  while  in 
the  strongest  rocks  known  it  is  probably  not  over  30,000 
feet.  At  these  depths  no  permanent  crevice  can  exist,  and  if 
a  fracture  should  occur  the  parts  would  be  soon  actually 
welded  together. 

The  sandstones  and  lavas  of  the  Connecticut  Valley  are 
now  in  the  zone  of  friacture,  and  were  in  that  zone  when  the 
displacements  occurred  which  destroyed  the  continuity  of 
the  strata.  They  are  traversed  by  innumerable  faults,  zones 
of  brecciated  rock,  and  systems  of  parallel  joints.  They  have 
adjusted  themselves  to  the  lateral  strain  by  breaking  and  by 
the  slipping  of  the  broken  parts 'past  each  other.  It  is 
partly  to  this  fact  that  we  owe  the  preservation  of  the  Tri- 
assic  strata,  for  the  sandstones  and  lavas  have  been  broken 
and  depressed  below  the  general  level  of  the  country,  and 
hence  preserved  from  erosion  during  the  long  periods  that 
have  elapsed  since  Triassic  time.  The  metamorphic  crys- 
talline rocks  likewise  are  now  in  the  zone  of  fracture,  but 
their  character  and  structure  were  already  present  when  they 
were  brought  to  that  zone  by  erosion  of  the  overlying  mass. 
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Zone  of  Plowage. —  Within  the  earth's  surface,  at  a 
depth  of  about  30,000  feet,  the  conditions  are  very  diflFerent 
from  those  just  described.  The  weight  of  the  strata  above 
exceeds  the  strength  of  the  rock  to  resist,  and  cracks  and 
crevices  cannot  form.  The  rocks  are  everywhere  sub- 
jected to  compression,  and  the  materials  composing  them 
attain  equilibrium  by  moving  from  a  place  of  greater  to  one 
of  less  pressure.  The  material  composing  the  rocks  ad- 
justs itself,  not  by  sudden  breaking  and  slipping  of  one  part 
past  another,  but  by  flowing  quietly  and  without  shock  to  its 
new  position.  In  their  movements  deeply  buried  rocks 
obey  the  laws  of  hydrostatics,  not  the  laws  of  solid  bodies. 
Under  the  great  weight  from  above  the  rocks  yield  and 
flow,  and  adjust  themselves  under  lateral  pressure  like  tal- 
low or  wax.  Rocks  under  these  conditions  are  in  the 
sone  of  Aowage, 

It  is  to  be  expected,  of  course,  that  rocks  of  diflFerent  char- 
acter will  behave  diflFerently  in  the  zone  of  flowage  as  well  as 
in  the  zone  of  fracture.  A  strong,  thick  stratum  will  flow 
with  less  ease  than  a  thin,  weak  bed ;  and  a  stratum  which 
is  protected  by  strong  beds  above  and  below  will  act  verj 
differently  from  one  not  so  situated.  This  conception  of 
the  complete  plasticity  even  of  the  firmest  and  most  resist- 
ant rocks,  when  deep-seated  and  subjected  to  pressure  from' 
the  sides,  is  essential  if  one  is  to  understand  metamorphic 
rocks.  Minute  plications,  and  structures  showing  mashing, 
welding,  and  other  evidences  of  adjustment  by  flowage,  are 
characteristic  of  the  Connecticut  metamorphics.  These 
structures  can  be  seen  from  one  end  of  the  state  to  the 
other,  when  a  ledge  as  a  whole  is  looked  at,  when  a  hand 
specimen  is  examined,  or  when  a  thin  section  is  viewed  un- 
der the  microscope.  The  perfection  of  structure  of  .this 
t>pe  is  remarkable.  As  is  shown  in  Plate  IX,  Fig.  i,  the 
minute,  particles  of  mica  and  other  minerals  form  a  stream 
which  takes  a  general  direction,  but,  like  a  stream  of  water, 
bends  or  divides  to  adjust  itself  to  the  obstructions  in  its 
path.      The  simile  of  the  stream  must  not  be  understood  to 
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PLATE    IX. 


Fig.  I.    MICROSCOPIC  SECTION  OF  CRUSHED  QUARTZ  PORPHYRY, 
SHOWING  ADJUSTMENT  OF  MINERAL  PARTICLES  BY  FLOW  AGE. 


FIG.  2.    CRUMPLED  FOLIATION  IN  HARTLAND  SCHIST,  NEAR  COMPOUNCE  POND. 
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imply  that  the  particles  h^ve  reached  their  position  by  mov- 
ing continuously  in  one  direction,  for  adjustments  have 
taken  place  wherever  the  pressure  has  permitted.  The 
minute  flakes  of  mica  form  parallel  bands  which  wind  in  and 
out  around  the  harder  kernels,  along  lines  of  dragging  or 
squeezing,  thus  allowing  the  rock  to  flow. 

The  rocks  shown  in  Plates  IX  and  XII,  though  now  ex- 
hibited at  the  surface  of  the  earth,  are  believed  to  have  been 
formed  in  the  zone  of  flowage,  some  miles  below  the  surface, 
and  will  serve  as  illustrations  of  schists  and  gneisses  so  com- 
mon within  the  state,  which  are  believed  to  have  been 
formed  within  this  same  zone.  If  these  views  are  true,  they 
g^ve  some  clew  to  the  amount  of  erosion  which  has  taken 
place  throughout  southern  New  England.  (See  page  28.) 
Miles  of  strata  must  have  been  removed  to  expose  these 
rocks  formed  in  the  zone  of  flowage. 

The  Zone  of  Fracture  and  Flowage. —  Because  rocks  are 
not  uniformly  strong,  and  because  they  may  be  subjected  to 
different  conditions  of  pressure,  it  will  be  readily  understood 
that  some  strata  may  be  in  the  zone  of  flowage,  while  others, 
buried  to  the  same  depth,  may  be  in  the  zone  of  fracture. 
At  a  given  depth  weak  rock  would  adjust  itself  by  flowing, 
while  stronger  rock  would  break;  for  example,  a  bed  of 
shale  may  be  in  a  state  of  plasticity  when  much  nearer  the 
surface  than  a  bed  of  firmly  cemented  sandstone.  Certain 
beds  may  be  completely  metamorphosed,  while  adjoining 
beds  retain  much  of  their  original  character. 

In  trying  to  unravel  the  tangle  of  metamorphic  crystal- 
line rocks,  search  is  made  in  the  field  for  the  more  recent 
beds,  in  the  hope  that  some  structures  may  have  outlasted 
the  changes  that  have  occurred.  Part  of  a  rock  may  be 
in  the  zone  of  fracture,  while  other  parts  of  the  same  rock 
yield  by  plastic  flow.  Certain  formations  occurring  in  Con- 
necticut, as  the  Brimfield  schist,  show  little  fracture,  and 
yet  the  microscope  reveals  the  fact  that  individual  grains  of 
quartz  have  been  broken  and  recemented.  The  rock  has 
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been  plastic  and  has  yielded  without  breaking,  or  has 
broken,  in  accordance  with  its  position  and  the  nature  of  the 
stress  applied.  The  structures  of  such  rocks  were  de- 
veloped in  the  zone  of  combined  fracture  and  Howage. 

The  Three  Zones  Compared. —  In  order  to  understand 
the  relation  of  these  three  zones  we  may  assume,  as  sug-* 
gested  by  Van  Hise,  an  imaginary  homogeneous  rock  ex- 
tending from  the  surface  to  an  indefinite  depth.  When 
such  a  rock  mass  is  subjected  to  lateral  pressure,  the  parts 
near  the  surface  will  be  broken  into  blocks  by  faults  and 
joints.  Here  the  individual  particles  composing  the  rock 
are  little  affected  except  immediately  along  the  joints,  and 
the  texture  of  the  rock  and  its  fossil  contents  are  little  modi- 
fied. Farther  below  the  surface,  the  lines  of  fracture  be- 
come closer  together,  and  the  blocks  are  reduced  to  slabs 
and  then  to  thin  layers.  Deeper  down  every  particle  of 
rock  takes  part  in  the  deformation.  The  rock  is  granulated 
and  partially  recrystallized.  Still  farther  down  recrystal- 
lization  becomes  the  dominant  process,  and  the  rock  loses 
its  former  nature  entirely  and  becomes  metamorphosed.  It 
may  then  be  classed  as  a  crystalline  schist.  There  is,  of 
course,  every  gradation  from  one  of  these  stages  to  another. 
A  case  is  described  from  the  Coast  Range  of  California, 
where  there  "  are  seen  all  stages  of  transition  between 
brecciated  igneous  rock  and  a  crystalline  schist."  "  In  pass- 
ing from  the  breccia  to  the  schist,  one  first  finds,  about  the 
blocks  of  igneous  rock  which  have  their  characteristic  tex- 
tures, mere  films  of  schists.  Passing  farther  toward  the 
schist,  an  intermediate  stage  is  found,  in  which  unmashed 
blocks  lie  in  a  schistose  background  or  matrix.  But  a 
short  distance  from  this  place  is  the  completely  altered 
schist,  in  which  no  unmashed  fragments  remain."*  The 
same  phenomena  may  be  observed  in  the  Appalachian  dis- 
tricts of  Tennessee.  Many  of  the  Connecticut  crystallines 
were  formed  in  this  zone  of  fracture  and  flowage,  or  through 

•  Van  Hi«e»  In  Bull,  Geological  Society  of  America^  vol.  IX,  p.  313. 
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erosion  have  been  brought  to  this  zone  from  that  of  flowage. 
They  exhibit  fracturing  and  folding  both  on  a  large  scale 
and  microscopically.  Unfortunately  no  localities  have  been 
found  where  it  is  possible  to  trace  these  schists  through  the 
different  stages,  from  their  original  unaltered  state  to  their 
present  crystalline  form. 

STRUCTURE  OF   METAMORPHIC   ROCKS. 

The  metamorphic  crystalline  rocks  of  Connecticut  ex- 
hibit structures  very  unlike  the  sedimentary  strata  of  the 
central  belt.  They  are  everywhere  seen  to  be  in  layers, 
usually  very  thin,  and  to  present  a  banded  appearance. 
When  seen  from  above,  the  ledge  appears  to  be  traversed 
by  innumerable  lines,  which  are  the  edges  of  planes  along 
which  the  rock  may  be  divided  into  a  multitude  of  slabs  or 
sheets.  When  viewed  from  the  side,  as  in  railroad  cuts 
(for  example,  along  the  line  of  the  Highland  Division  or  the 
Central  New  England  Railroad),  the  sheets  seem  to  be  in- 
clined at  a  high  angle,  usually  nearly  vertical.  Thus,  rocks 
produced  by  regional  metamorphism  have  the  appearance 
of  being  sedimentary  beds  that  have  been  deposited  in  a 
horizontal  position  and  then  turned  up  on  end  by  some 
movement  within  the  earth's  crust.  There  is  one  striking 
difference,  however,  between  these  layers  and  sedimentary 
beds:  namely,  the  metamorphic  rocks  are  composed  of 
more  or  less  complete  crystals,  close  pressed  and  interlock- 
ing, instead  of  worn  fragments  of  material  cemented  into 
solid  rock.  Furthermore,  this  division  into  planes,  or  ap- 
parent bedding  of  the  crystallines,  does  not  indicate  that  the 
rock  was  deposited  in  layers;  "but  it  is  a  new  structure 
ivhich  has  been  developed  in  the  rock  by  the  process  of 
metamorphism.  So  far  as  the  writer  has  observed,  there 
is  not  within  the  state  a  metamorphic  rock  whose  present 
division  into  sheets  is  perfectly  coincident  with  the  structure 
of  the  original  unmetamorphosed  sediment. 

In  order  to  understand  this  difference  between  real 
and  apparent  bedding,  it  is  necessary  to  examine  the  princi- 
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pal  Structures  found  in  metamorphic  rocks,  and  also  to 
consider  their  mode  of  development.  One  of  the  charac- 
teristic properties  of  a  metamorphic  rock  is  its  capacity  to 
break  more  easily  in  certain  directions  than  in  others.  This 
property  is  called  clecevage.  The  same  name  is  applied  to 
a  property  shown  in  minerals.  For  instance,  when  calcite 
is  broken,  the  fragments  are  not  irregular  and  without  defi- 
nite form,  but  are  rhombohedrons,  and  their  shape  is  de- 
termined by  the  position  of  the  cleavage  planes  in  this  par- 
ticular mineral.  When  a  metamorphic  rock  is  broken,  it 
is  seen  to  part  easily  along  certain  lines  and  with  difficulty 
along  others.  Yet  the  use  of  the  same  name  should  not 
lead  to  a  confusion  of  the  two  phenomena.  Minerals  cleave 
because  of  a  definite  arrangement  of  their  molecules ;  rocks 
cleave  because  of  the  parallel  arrangement  of  their  con- 
stituent minerals. 

When,  as  a  result  of  cleavage,  a  rock  has  the  capacity  to 
separate  into  parallel  layers,  or  laminae,  it  is  said  to  possess 
slatiness,  foliation,  or  schisiosity.  A  slate  is  a  crystalline  rock 
which  has  the  property  of  cleavage  and  separates  into 
layers  with  relatively  smooth  surfaces.  A  schist  also  has  the 
property  of  cleavage,  but  the  surfaces  separating  the  laminae 
are  usually  more  or  less  rough.  In  the  slate  the  component 
crystals  are  of  small  size  —  even  microscopic ;  in  the  schist 
the  mineral  particles  are  larger.  Slatiness  and  schistosity 
are  thus  seen  to  have  essential  characters  in  common,  and 
there  is  every  gradation  between  the  two. 

A  word  may  be  added  here  to  call  attention  to  the  con- 
fusion existing  in  the  use  of  the  words  slate  and  shale.  Both 
of  these  rocks  break  into  thin  layers  with  quite  even-  sur- 
faces, and  hand  specimens  of  the  two  appear  superficially 
much  alike.  Their  texture,  origin,  and  history,  however, 
are  widely  different  Shale  was  formerly  mud  deposited 
by  water,  and  is  composed  of  fine  broken  particles  cemented 
together.  It  has  never  been  deeply  buried  nor  subjected 
to  great  heat  and  pressure.  The  laminae  of  which  it  is  com- 
posed are  of  the  same  thickness  and  made  of  the  same  ma- 
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terials  as  when  first  deposited  by  the  quiet  water.  Slate, 
on  the  other  hand,  owes  its  texture,  structure,  and  composi- 
tion to  heat  and  pressure.  It  is  metamorphic,  not  sedimen- 
tary. It  is  composed  of  crystals,  not  of  broken  fragments. 
Its  laminae  are  due  to  movement  under  pressure,  not  to  its 
method  of  deposition  by  water.  Slate  may  be  made  from 
shale  or  from  other  rock.  Slatiness  may  be  developed  while 
there  still  remain  traces  of  the  material  and  structure  of  the 
original  rock.  There  is  no  slate  in  Connecticut  within  the 
Triassic  area,  but  brown  and  black  shales  are  abundant.  No 
shales  are  found  in  the  crystallines,  but  slates  are  developed 
in  several  places. 

Origin  of  Schistosity. —  We  may  now  inquire  briefly  how 
schistosity  and  slatiness  are  brought  about.  In  the  first 
place,  it  is  to  be  remembered  that  these  phenomena  are  pro- 
duced only  in  the  zone  of  flowage.  where  crevices  cannot 
exist.  No  opportunity  is  there  offered  for  surface  changes, 
and  little  or  no  chance  for  foreign  matter  to  be  brought  in, 
so  that  the  great  alteration  which  occurs  must  be  due  to 
chemical  reaction.  The  rock  is  subjected  to  heat  and  pres- 
sure in  such  a  manner  that  part  after  part  passes  into  solu- 
tion, and  incessant  changes  of  position  are  taking  place. 
In  this  way  the  material  can  adjust  itself  to  the  changing 
form  of  the  rock  mass.  In  this  connection  the  importance 
of  the  small  amount  of  water  contained  in  the  rock  is  very 
great,  as  it  aids  in  dissolving  old  crystals  and  in  recrystalHz- 
ing  the  amorphous  material.  Schistose  rocks  are  composed 
of  innumerable  particles  having  the  longest  diameters  or 
easiest  cleavage  or  both  in  a  common  direction.  The  min- 
erals are  for  the  most  part  made  from  the  materials  in  the 
original  rock,  and  the  new  minerals  are  flattened  by  great 
pressure  and  forced  into  parallelism.  Some  of  the  original 
flat  minerals  are  also  rotated  into  parallel  position.  The  net 
result  is  that  most  of  the  minerals  have  a  parallel  arrange- 
ment, and  the  rock  accordingly  splits  along  these 
cleavage  planes  more  readily  than  in  other  directions. 
The    most    important    of    the     minerals    that    fall    into 
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parallel  position  are  the  micas.  The  next  in  importance 
are  feldspar,  amphibole,  and  chlorite.  Rocks  containing 
abundant  mica  —  i.  e.,  mica  schists  —  make  up  a  large  part 
of  the  crystalline  areas  of  Connecticut ;  and  wherever  schis- 
tosity  is  well  developed,  crystals  of  muscovite  and  biotite 
are  large  and  closely  parallel  in  position. 

The  process  by  which  new  materials  form  by  recrystal- 
lization  may  be  illustrated  by  the  micas.  Muscovite  and 
biotite  are  comparatively  rare  in  the  sediments  which  are 
most  readily  transformed  into  mica  schist.  For  instance, 
there  may  have  been  no  mica  whatever  in  the  shales  and 
sandstones  from  which  the  Hoosac  and  Bolton  schists  de- 
veloped, and  yet  at  the  present  time  mica  is  a  characteristic 
part  of  these  metamorphic  rocks.  Soils,  clays,  and  shales 
contain  elements  from  which  mica  may  develop.  Some  of 
the  necessary  constituents  are  found  in  feldspar,  and  some 
in  various  hydrous  minerals,  as  kaolinite,  chlorite,  limonite, 
etc.,  and  these  minerals  are  commonly  present  in  the  rocks 
from  which  mica  schist  develops.  The  schist  itself,  how- 
ever, may  be  entirely  free  from  such  minerals.  During  the 
process  of  metamorphi^  the  hydrated  minerals  have  been 
taken  into  solution,  and  from  this  solution  the  mica  crys- 
tals have  been  developed,  and  the  material  has  been  thus 
rendered  more  compact.  When  the  little  crystalline  grains 
of  mica  begin  to  form,  their  position  is  controlled  by  the 
pressure  to  which  the  rock  is  subjected ;  hence,  as  more  and 
more  material  is  deposited  to  complete  their  crystalline 
outlines,  the  micas  form  in  parallel  position.  Micas  are  thus 
seen  to  be  a  continuous  growth  by  recrystallization  during 
the  process  of  metamorphism.  But  it  seems  essential  that 
the  chemical  process  be  controlled  by  dynamic  action. 

The  schistosity  which  characterizes  Connecticut  crys- 
♦oiiiriAc  ic  due  to  chemical  action  carried  on  in  the  zone  of 

nder  mechanical  pressure,  and  is  an  entirely  new 
bearing  no  definite  relation  to  that  present  in 

al  rock. 

jhout  Connecticut  the  planes  of  schistosity  are, 

peaking,  north-south  to  northeast-southwest,  and 
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the  lateral  pressure  in  the  earth's  crust  must  have  come  from 
the  southeast.  The  planes  of  schistosity  dip  generally  to  the 
southeast,  so  that  the  tops  of  the  metamorphic  layers 
have  been  pushed  to  the  northwest  or  their  bottoms 
to  the  southeast  There  are,  however,  many  local 
variations;  and  this  simplicity  of  structure  is  inter- 
rupted by  the  presence  of  intrusive  masses  of  dio- 
rite,  granite,  and  other  igneous  rocks,  about  which 
the  schistose  planes  seem. to  wrap.  In  such  cases  the  di- 
rection and  dip  of  the  schistose  layers  assume  various  atti- 
tudes. For  instance,  at  Bristol,  the  planes  of  schistosity  lie 
in  nearly  every  direction  of  the  compass  in  order  to  adjust 
themselves  to  the  rounded  mass  of  granite-gneiss  which  un- 
derlies the  city. 

Fissility. —  The  surfaces  of  parting  which  constitute  the 
cleavage  planes  in  a  rock  may  be  present  without  being 
apparent  to  the  eye.  Weathering,  however,  often  serves  to 
bring  the  planes  of  separation  into  prominence,  and  to  con- 
vert them  into  definite  cracks.  Such  open  cracks,  as  de- 
scribed below,  may  by  subsequent  changes  be  recemented. 

Strictly  speaking,  when  rocks  are  actually  parted,  in- 
stead of  possessing  merely  the  capacity  to  part,  they  are  said 
to  be  fissile  or  to  possess  fissility;  and  many  of  the  Connecti- 
cut schists  may  be  thus  characterized.* 

When  for  any  reason  a  parting  of  the  rock  takes  place 
along  planes  of  schistosity,  an  additional  factor  enters  to 
complicate  the  structure.  In  the  crevices  between  the  lami- 
nae new  mineral  substances  may  be  deposited  by  water  or 
injected  from  an  igneous  mass  so  as  to  fill  the  space  com- 
pletely. The  result  is  a  banded  rock  which  has  the  appear- 
ance of  a  true  metamorphic  gneiss  or  schist,  but  which  has 
been  developed  in  a  different  way.  These  seams  of  infiltra- 
ted or  injected  rock  may  be  of  unlike  substances  and  vary 
from  mere  films  to  layers  an  inch  or  more  in  thickness.    In 

♦  While  cleara^e  plaoeg  may,  as  above  explained,  be  converted  into  open  cracks  by 
rabsequent  changes,  when  the  rocks  are  brought  nearer  to  the  surface  by  erosion, 
it  is  also  true  that,  if  the  rocks  at  the  time  they  are  subjected  to  pressure  are  in  the 
sone  of  fracture  instead  of  being  in  the  zone  of  flowage,  the  structure  produced  by 
pressure  will  be  flssility  instead  of  cleavage. 
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some  cases  these  seams  are  really  small  dikes,  and  are  off- 
shoots from  some  granite  mass  in  the  neighborhood.  Com- 
monly they  are  lenses  or  films  of  infiltrated  matter,  ap- 
proaching the  character  of  true  veins.  In  either  case  the 
structure  may  be  so  delicately  formed  as  to  follow  the  most 
minute  plications  in  the  original  rock.  Care  must  be  taken 
not  to  confuse  such  injections  or  infiltrations  with  metamor- 
phic  laminae  produced  by  lateral  pressure. 

Joints  and  Faults. —  Fissile  rocks  have  abundant  part- 
ings running  in  the  direction  of  schistosity,  which  are  to  be 
considered  as  open  cleavage  cracks.  The  planes  of  cleavage 
were  originally  produced  by  pressure  at  right  angles  to  their 
present  alignment,  and  the  fissility  resulted  from  the  open- 
ing of  cracks  by  release  of  pressure  and  weathering  or  from 
other  causes.  The  schistose  and  slaty  rocks  are  quite  com- 
monly fissile,  especially  when  exposed  for  some  time  to 
surface  agencies.  But  the  rocks  may  also  show  divisional 
planes  in  other  directions  than  that  of  the  cleavage. 

Joints  are  the  ordinary  cracks  seen  in  ledges.  Very 
rarely,  indeed,  are  they  absent  from  rocks  exposed  at  the 
surface.  Commonly  there  are  two  or  more  sets,  the  two 
most  prominent  sets  being  often  roughly  at  right  angles  to 
each  other.  The  rock  surface  may  be  thus  divided  into 
polygonal  areas.  In  regions  like  Connecticut,  where  the 
rocks  have  been  intensely  metamorphosed  and  have  ex- 
perienced many  movements  and  much  disturbance,  the 
joints  are  very  numerous  and  prominent,  and  run  in  many 
directions.  All  planes  of  actual  separation  in  rocks,  whether 
of  fissility  or  of  jointing,  are  produced  near  the  earth's  sur- 
face and  not  at  great  depths,  and  are  the  results  either  of 
compression  or  of  tension  in  rocks.  The  openings  are 
usually  regarded  as  results  of  tension.* 

When  movement  has  taken  place  along  a  joint  plane  or 

*Por  a  full  discasAion  of  the  joint  and  fatalt  system  of  Connectictat  with  its  re> 
stiltinK  effects  on  topofcraphv,  see  the  writines  ot  W.  H.  Hobbs«  especially  the  fol- 
lowing:— Newark  System  of  Pomperaug  Valley  {U.  S.  Geological Surt>ev,  Twenty- 
first  Annual  Report  ^  Pt.  Ill):  Geological  Structure  of  South  Western  Nerv  England 
(Am.  Journal  of  Science^  series  4,  vol.  XV,  pp.  439-449);  River  System  of  Connecticut 
(Journal  of  Geology^  vol.  IX,  pp.  469-485). 
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plane  of  fissility,  so  that  the  rocks  on  one  side  are  depressed 
or  elevated  in  respect  to  those  on  the  opposite  side,  the  dis- 
placement constitutes  a  fault.  Because  of  similarity  of  ma- 
terial on  two  sides  of  the  fault  plane,  such  structures  are 
rarely  noticeable  in  the  crystallines.  In  some  cuts,  however, 
the  crumbled  rock  shows  plainly  that  a  movement  has  oc- 
curred ;  and  smoothed  surfaces,  known  as  "  slickensides  ", 
and  indicating  slipping  along  joints,  are  visible  in  nearly 
every  quarry  in  the  state.  The  igneous  and  sedimentary 
rocks  of  the  Triassic  formation  are  much  better  suited  to 
exhibit  fault '  structures  than  are  the  ancient  crystallines. 
In  metamorphic  rocks,  however,  there  is  abundant  evidence 
that  faulting  has  taken  place.  Cliffs  occur  which  seem  to 
owe  their  position  to  faulting,  abrupt  changes  are  noted  in 
the  direction  of  boundary  lines  of  certain  formations,  and 
crushed  rock  and  slickensides  are  found  along  the  lines  of 
breaking.* 

MINERALS  IN   METAMORPHIC    ROCKS. 

In  this  chapter  it  is  not  intended  to  describe  the  rock- 
making  minerals,  but  a  brief  explanation  of  those  most  com- 
monly met  with  in  Connecticut,  which  owe  their  existence 
and  form  to  metamorphism,  may  be  found  helpful  to  the 
reader  who  is  not  a  student  of  mineralogy. 

The  various  forms  of  quartz  found  in  metamorphic 
rocks  differ  in  no  essential  particulars  from  quartz  found  in 
sedimentary  rocks,  except  that  complete  or  broken  crystals 
occur  instead  of  rounded  grains.  The  quartz  is  either  orig- 
inal, or  has  been  produced  by  metamorphism  of  feldspar. 

Feldspar  is  the  most  abundant  constituent  of  crystalline 
rocks:  and,  for  that  matter,  the  most  abundant  mineral 
found  at  the  earth's  surface.  It  has  many  species  and  va- 
rieties, which  are  complex  chemical  compounds ;  and  when 
a  rock  containing  this  mineral  suffers  alteration  numerous 
changes  take  place.  Feldspar  may  alter  into  quartz  and 
muscovite.    In  this  case  the  muscovite  commonly  occurs  as 


*  See  page  aoo,  for  a  discussion  of  faults  in  the  Triassic  area. 
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minute  flakes  which  form  a  sort  of  film  over  the  rock  sur- 
face along  planes  of  foliation,  as  in  the  schist  at  Compounce 
Pond  and  in  Tolland.  Feldspar  alone  may  change  to  quartz 
and  muscovite.  With  the  addition  of  magnesium  and  iron, 
feldspar  may  change  to  quartz  and  biotite,  or  to  quartz  and 
chlorite.  In  other  cases  quartz  and  epidote  result.  Thus  it 
appears  that,  when  muscovite  or  biotite  or  quartz  appears  in 
metamorphic  rocks,  it  may  be  an  entirely  new  mineral,  and 
have  been  represented  in  the  original  rock  by  feldspar. 

Hornblende  alters  to  biotite  or  to  chlorite,  and  from  this 
to  zoisite  or  epidote. 

Angite  commonly  alters  to  hornblende,  and  then  to  chlo- 
rite, biotite,  etc.;  or  changes  directly  into  these  minerals 
without  passing  through  the  hornblende  stage. 

Biotite  and  muscovite  of  sedimentary  and  igneous  rocks 
are  usually  unchanged  by  metamorphic  action;  but  the 
great  abundance  of  these  minerals  in  schists  and  gneisses 
is  not  due  to  their  presence  in  the  unchanged  rock  mass,  but 
to  the  fact  that  they  are  so  readily  produced  from  other  min- 
erals, as  shown  above. 

The  calcium  carbonate  of  metamorphic  rocks  is  crystal- 
line in  texture,  and  may  occur  as  calcite,  or  part  of  the 
calcium  may  be  replaced  by  magnesium  and  dolomite  be  pro- 
duced. The  calcareous  rocks  of  the  Canaan  and  New  Mil- 
ford  districts  are  dolomitic.  Properly  speaking,  this  rock, 
of  which  the  State  Capitol  is  built,  is  a  dolomitic  marble. 
The  original  limestone  has  suiSFered  metamorphism  which 
caused  the  entire  mass  to  be  crystallized.  A  common  alter- 
ation of  dolomite  is  into  tremolite,  a  variety  of  amphibole. 
Tremolite  crystals  frequently  occur  in  the  dolomitic  marble 
of  Connecticut;  and  in  places,  e.  g.,  the  camp-meeting 
iar  Canaan,  they  weather  out  of  the  marble  and 
thered  in  large  numbers.*  Hornblende  also  results 
ration  of  dolomite,  and  some  of  the  black  horn- 
nds  occurring  in  the  crystallines  may  be  the  pres- 

itals  at  this  locality  have  the  form  of  pyroxene,  though  they  have 
eater  or  less  degree  the  cleavage  structure  of  amphibole.  They  seem 
first  formed  as  crystals  of  diopside.  and  then  undergone  a  change  of 
mgement  converting  them  into  tremolite. 
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ent  representatives  of  original  limestones  which  became 
marble  and  then  hornblende  schist  and  gneiss.  The  change 
from  marble  to  hornblendic  rock  is  a  complex  process,  and 
involves  the  addition  of  silicon,  aluminum,  iron,  and  mag- 
nesium. 

In  addition  to  the  minerals  which  occur  commonly  in 
sedimentary,  igneous,  and  metamorphic  rocks  alike,  there 
are  a  number  that  assume  a  prominent  role  in  metamorphic 
rocks  alone.  Those  most  abundant  in.  Connecticut  are: 
garnet,  cyanite,  andalusite,  staurolite,  fibrolite  or  silliman- 
ite,  chlorite,  serpentine,  and  epidote.* 

Porphyritic  Textures. —  For  the  most  part  metamorphic 
rocks  are  made  up  of  crystalline  grains  which  differ  little 
among  themselves  in  size,  none  of  them  being  large.  Cer- 
tain of  the  schists  and  gneisses,  however,  exhibit  a  marked 
variation  from  this  structure.  In  these  rocks  one  or  more 
minerals  have  crystallized  on  a  much  larger  scale  than  the 
others,  and  the  rock  appears  as  a  mass  of  medium-sized 
crystals,  among  which  large  ones  are  scattered.  The  larger 
crystals,  called  phenocrysts  (t.  e,,  easily  seen  crystals),  may 
be  hundreds  of  times  larger  than  those  in  the  ground-mass, 
and  may  be  several  inches  in  diameter.  In  Connecticut,  the 
more  important  minerals  that  show  themselves  as  pheno- 
crysts are  feldspar,  garnet,  staurolite,  cyanite,  and  horn- 
blende. The  structure  is  well  seen  in  the  Prospect  gneiss 
and  in  the  Bolton  and  Hartland  schists  (see  Plate  X). 

The  phenocrysts  of  the  porphyritic  gneisses  and  schists 
usually  have  well  defined  crystal  outlines,  showing  little 
evidence  of  pressure,  and  must  have  been  developed  after 
the  date  of  severe  metamorphism.  Furthermore,  the  crys- 
tals are  not  always  arranged  in  accordance  with  the  planes 
of  schistosity,  but  seem,  in  part,  at  least,  to  have  developed 
after  the  structure  was  formed.  In  case  the  phenocrysts 
developed  at  a  later  date  than  the  development  of  the 
schistosity,  they  seem  to  be  the  result  of  absorption  and  en- 


•  For  a  description  of  these  minerals  the  reader  is  referred  to  standard  treatises 
E.  S.  Dana's  works 
em  of  Mineralogy. 


on  mineratogry,  and  particularly  to  E.  S.  Dana's  works:  Minerals  and  How  to  Study 
them:  Text- Book  of  Mineralogy:  Systen      '  " '  * 
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largement  of  crystals  during  the  period  of  relative  quiet 
which  followed  the  great  dynamic  forces  that  produced 
metamorphism.  Great  heat  and  moisture  in  the  rocks  would 
be  necessary  conditions.  In  those  cases  in  which  further 
metamorphic  change  has  occurred  after  the  formation  of  the 
phenocrysts,  the  crystals  are  seen  to  have  been  drawn  out 
ajong  the  planes  of  schistosity,  and  often  to  have  assumed  a 
lenticular  shape,  and  to  have  had  their  ends  drawn  out  into 
lines  of  broken  fragments.  This  is  well  shown  in  the  por- 
phyritic  gneiss  about  Derby. 

Many  phenocrysts  in  gneisses,  however,  are  older  than 
the  structures  produced  by  metamorphism.  Porphyritic 
structures  belong  also  to  igneous  rocks ;  and  many  porphy- 
ritic gneisses  are  igneous  rocks  which  have  been 
metamorphosed,  but  not  to  an  extent  sufficient  to  destroy 
the  original  porphyritic  structure.  A  porphyritic  gneiss 
developed  from  an  igneous  rock  with  porphyritic  texture 
thus  has  a  life  history  made  of  a  number  of  stages.  In  the 
original  molten  mass  (magma)  large  distinct  crystals 
formed,  which  floated  in  the  remaining  liquid  material.  A 
change  then  took  place  which  caused  the  rest  of  the  mass 
to  solidify  more  quickly  and  therefore  to  form  small  crys- 
tals. The  rock  may  have  remained  for  some  time  as  an  igne- 
ous porphyry,  but  was  finally  squeezed  and  stretched  by  the 
forces  which  converted  it  into  a  porphyritic  metamorphic 
rock.  Thus  the  rock  reveals  within  itself  much  of  its 
history.. 

SOME   OF  THE   PRINCIPAL   METAMORPHIC    ROCKS. 

The  theoretical  principles  briefly  treated  above  may 
perhaps  be  better  understood  by  noting  the  characteristics 
of  the  principal  kinds  of  metamorphic  rocks  and  their  stages 
of  development  from  unaltered  sedimentary  or  igneous  rocks 
to  their  present  state.  The  types  represented  in  Connecti- 
cut are  marble,  quartzite,  slate,  schist,  and  gneiss.  The  last 
two  rocks  are  the  most  widespread  in  the  state,  and,  in  fact, 
make  up  a  large  part  of  the  floor  of  New  England. 
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Marble  is  metamorphosed  limestone,  and  the  change  oc- 
curs usually  where  there  has  been  great  pressure  and  strong 
dynamic  action.  The  chief  mineral  constituent  of  lime- 
stone is  calcite,  but  the  calcium  may  be  partly  replaced  by 
magnesium,  forming  dolomite.  Metamorphism  results  in  a 
complete  crystallization  of  the  grains  of  calcite  and 
dolomite,  and  the  production  of  a  rock  which  is  a  mass  of 
calcite  and  dolomite  crystals.  Marble  rarely  develops  a 
schistose  structure  or  slatiness.  It  is  so  soft  and  so  readily 
taken  into  solution  that  the  grains  in  the  original  limestone 
have  adjusted  themselves  by  recrystallization  and  by 
moving  along  cleavage  planes.  The  Stockbridge  limestone 
(see  page  87)  is  dolomitic,  and,  though  closely  folded  in 
with  schists,  shows  little  schistose  structure.  Limestone  is 
no  exception  to  the  rule  that  sedimentary  rocks  contain 
impurities.  From  these  impurities  metamorphism  develops 
mineral^  which  commonly  occur  in  marbles.  Garnets  are 
found,  also  pyrite  and  other  iron  compounds;  micas  may 
show  abundant  development;  pyroxene  and  various  varieties 
of  amphibole,  especially  actinolite  and  tremolite,  also  occur. 
Impure  limestone  in  certain  localities  has  been  altered  to 
hornblende  schist  or  gneiss,  and  calcareous  hornblendic 
bands  occur  in  connection  with  the  other  crystalline  rocks 
of  the  state.  So  far  as  known,  the  Connecticut  ms^rble  is 
all  dolomitic,  and  it  varies  much  in  the  degree  of  its  purity. 
The  rock  quarried  in  Canaan  is  perhaps  the  best  obtainable, 
but  its  impurities  are  points  of  weakness. 

Quartzite  is  a  metamorphic  sandstone.  In  the  original 
sandstone  rounded  grains  of  quartz  are  held  together  by  a 
cement  which  is  commonly  silica,  iron  oxide,  or  calcium  car- 
bonate. In  the  process  of  metamorphism  parts  of  the 
quartz  grains  are  dissolved,  and  the  silica  is  redeposited  in  the 
spaces  between  the  grains,  or  is  added  to  the  grains  in  such 
a  manner  as  to  produce  the  crystalline  form  peculiar  to 
quartz.  The  sandstone  is  thus  so  thoroughly  indurated  that, 
when  broken,  the  fracture  passes  more  readily  through  the 
original  grains  than  through  the  cement.       There  are,  of 


Digitized  by  VjOOQIC 


62  CONNECTICUT  GEOL.  AND  NAT.  HIST.  SURVEY.        [Bull. 

course,  all  stages  of  pietamorphism,  from  hardened  sand- 
stone to  quartzite  so  vitreous  as  to  be  scarcely  distinguished  # 
from  the  quartz  occurring  in  veins.  The  amount  of  silica 
required  to  convert  sandstone  into  quartzite  has  been  esti- 
mated at  one-third  to  one-sixth  the  amount  of  the  original 
grains.  Where  quartzite  is  a  widespread  formation,  the 
amount  of  new  material  which  owes  its  existence  to  meta- 
morphism  is  therefore  enormous. 

The  formation  of  quartzite  by  "  cementation,"  as  indi- 
cated above,  does  not  require  deep  burial,  nor  pressure  suf- 
ficient to  produce  schistose  structure.  When,  however, 
quartzite  is  buried  so  deeply  as  to  reach  the  zone  of  flowage, 
and  is  subjected  to  mashing  by  lateral  thrust,  schistosity  is 
developed,  and  the  rock  is  traversed  by  planes  of  cleavage, 
and  passes  into  a  schistose  quartzite  and  finally  into  a  quartz 
schist.  In  the  first  stages  of  the  process  the  quartz  grains 
are  flattened  and  somewhat  rearranged,  lines  of  fracture  ap- 
pear, and  finally  the  quartz  loses  its  crystalline  orientation 
and  becomes  a  mass  of  broken  grains.  This  formation  of 
small  fragments  of  quartz  from  crystals  takes  place  most 
readily  when  little  or  no  water  is  present  in  the  rocks.  Simul- 
taneously with  this  granulation  process  new  quartz  and  per- 
haps mica  may  develop  in  the  spaces  between  the  grains, 
from  the  impurities  in  the  original  sandstone.  The  result  is 
that  films  of  mica  and  occasionally  other  minerals  form  i 

along  the  planes  of  foliation,  and  the  schistose  structure  is  i 

complete.  j 

Neither  quartzite  nor  quartz  schist  is  abundant  in  Con-  j 

necticut.    It  caps  Great  Hill  near  Cobalt,  where  it  is  much  I 

like  the  numerous  occurrences  of  quartz  veins  in  the  state.  I 

The  exposures  on  Sharon  Mountain  and  Cream  Hill  are  of  a 
massive  granular  rock,  largely  composed  of  quartz  and 
feldspar.  Areas  of  quartz  schist  occur  in  Tolland,  Wood- 
stock, Plainfield,  Thompson,  south  of  Bantam  Lake  in  Mor- 
ris, and  small  bands  of  the  rock  in  a  few  other  localities. 
The  rock  from  Bolton  was  formerly  quarried  for  flagstones, 
and  glistening  blocks  from  this  locality  may  be  seen  in  the 
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Streets  of  our  large  cities.  Quartz  schist  is  suitable  for 
whetstones,  and  was  formerly  quarried  for  this  purpose  at 
points  in  the  eastern  part  of  the  state. 

Slate  is  the  metamorphosed  equivalent  of  shales,  or 
fine-grained  clay  rocks,  which,  in  turn,  are  consolidated 
muds  of  various  sorts.  The  chief  constituents  of  clays 
and  shales  and  other  argillaceous  rocks  (besides  a 
variable  amount  of  kaolinite).  are  quartz  and  feldspar.  In 
passing  to  a  metamorphic  stage  the  quartz  fragments  may 
remain  as  such,  or  they  may  be  recrystallized,  thus  losing  all 
trace  of  their  origin.  The  feldspar  alters  to  quartz  and 
mica,  and  single  feldspar  fragments  may  be  changed  into  a 
great  number  of  crystals  of  quartz,  mica,  and  feldspar.  The 
fine  quartz  of  slate  is  thus  seen  to  be  not  the  same  as  the 
original  quartz  grains  in  the  mud  or  shale  from  which  the 
slate  developed.  As  in  all  cases  of  dynamic  metamorphism, 
the  mica  crystals  are  developed  in  parallel  position  with  long 
axes  and  cleavage  in  a  common  direction.'  It  is  due  to  this 
fact  that  slate  splits  so  evenly.  The  mica  crystals  are 
usually  too  minute  to  be  readily  observed  without  a  micro- 
scope, and  are  so  massed  as  to  produce  merely  a  smooth 
surface.  As  might  be  expected,  muds  and  shales  are  not 
made  of  pure  quartz  and  feldspar,  but  contain  many  im- 
purities; and,  accordingly,  many  slates  contain  minerals 
like  pyrite,  etc.,  and  only  in  exceptional  places  is  the  quality 
of  the  rock  such  as  to  render  it  commercially  valuable. 
When  a  slate  is  further  metamorphosed,  but  not  to  a  point  at 
which  large  crystals  of  mica  are  developed,  it  is  termed 
phyilite.  Such  is  the  rock  exposed  in  parts  of  Pomfret  and 
along  the  shore  at  Woodmont. 

Extreme  metamorphism  produces  mica  schist  from  slate 
and  phyilite,  and  most  of  the  Connecticut  slate  has  reached 
that  stage. 

Schist. —  Schists  and  gneisses  are  the  two  great  classes 
of  rocks  produced  by  widespread,  profound  metamorphism. 
Practically  all  the  crystallines  of  Connecticut  fall  into  these 
groups.     Schist  is  a  term  used  to  indicate  structure,  not 
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composition.  The  word  implies  nothing  as  to  the  minerals 
which  compose  a  rock,  but  means  that  it  has  schistosity, 
and  breaks  readily  and  with  a  wavy  surface  along  planes  of 
foliation.  Schists  represent  the  extreme  of  metamorphic 
action,  and  may  be  derived  from  almost  any  sedimentary  or 
igneous  rock,  or  from  almost  any  other  metamorphic  rock 
except  marble. 

Mica  schist  is  a  widespread  formation  in  Connecticut, 
and  is  ordinarily  developed  from  shale,  sandstone,  or  con- 
glomerate. As  in  the  formation  of  quartz  schist,  mentioned 
above  (page  62),  the  enormous  pressure  and  heat  of  the  zone 
of  flowage  granulates  the  quartz,  and  breaks  up  the  feldspar 
into  quartz  and  mica  and  other  feldspar.  Much  mica  is  thus 
produced,  and  the  mica  increases  in  amount  as  the  mashing 
and  fracturing  are  more  severe.  Thus  mica  schist  is  a  rock 
of  schistose  structure  composed  essentially  of  quartz,  feld- 
spar, and  mica.  While  mica  is  not  the  most  abundant  of  the 
three  minerals,  yef  the  size  of  its  crystals  and  the  fact  that 
it  forms  a  coat  over  the  diflferent  layers  make  it  the  most 
conspicuous  constituent.  The  feldspar  present  is  usually 
albite,  instead  of  the  orthoclase  which  is  more  abundant  in 
the  original  sediment.  There  are  all  stages  in  the  formation 
of  mica  schist.  Mica  may  be  sparingly  developed,  and  the 
original  grains  of  the  sandstone  may  play  an  important 
role;  again,  the  rock  may  be  in  part  slate  and  in  part 
mica  schist,  or  layers  of  schist  may  alternate  with  layers  of 
altered  sandstone;  again,  the  rock  may  be  typical  mica 
schist  with  no  trace  of  its  former  character.  Most  of  the 
Connecticut  mica  schists  have  reached  this  advanced  stage, 
and  only  rarely  do  structures  occur  which  indicate  the 
original  form  and  composition.  The  size  of  the  mica  flakes  or 
crystals  varies  from  minute  particles  of  muscovite,  which 
form  a  coating  over  the  schist  plane,  to  large  flakes  an  inch 
or  more  in  diameter.  Generally  speaking,  the  larger  the 
flakes  the  more  severe  the  metamorphism.  Mica  schist 
rarely  exhibits  uniform  parallel  foliation,  but  irregular,  wavy, 
and  crumpled  structures  (See  PI.  IX,  Fig.  2).    Moreover,  a 
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mica  schist  formation  may  show  great  variety  in  composi- 
tion; calcareous,  argillaceous,  ferruginous,  and  silicious 
beds  may  alternate  or  may  form  irregular  inter-dovetailing 
lenses. . 

Because  of  the  impurities  in  the  original  rock,  mica 
schists  often  contain  abundant  minerals  other  than  the 
main  constituents.  Garnet,  fibrolite,  cyanite,  and  stauro- 
lite  occur  in  such  quantities  in  the  G>nnecticut  schists  that 
locally  the  rocks  might  be  properly  called  garnet  mica 
schist,  cyanite  mica  schist,  etc.  In  most  cases,  however,  the 
development  of  such  minerals  on  a  large  scale  is  local,  and 
represents  local  variation  in  the  composition  of  the  original 
sediment.  Mica  schist  which  is  slightly  graphitic  from  the 
presence  of  organic  material  in  the  sediment  also  occurs  in 
Connecticut. 

Hornblende  schist  occurs  in  this  state  usually  in  belts 
interlaminated  with  mica  schist  or  gneiss.  It  is  greenish 
black  in  color,  and  consists  of  hornblende  together  with 
quartz,  feldspar,  bi9tite,  and  other  minerals  in  smaller 
amount  Such  a  schist  may  result  from  the  metamorphism 
of  an  impure  dolomite,  but  is  to  be  traced  more  commonly 
to  some  basic  igneous  rock,  especially  if  the  schist  is  quite 
free  from  minor  impurities.  One  of  the  most  common 
things  in  the  rock  floor  of  Connecticut  is  to  find  lenses, 
layers,  streaks,  and  dikes  of  hornblende  schist  distributed 
without  any  apparent  order  within  the  larger  areas  of 
metamorphic  rocks.  In  general  they  are  ascribed  to  igneous 
intrusions  at  a  date  simultaneous  with  or  prior  to  the  last 
period  of  intense  metamorphism. 

Gneiss  is  a  term  used  to  designate  a  rock  which  possesses 
schistosity,  but  does  not  cleave  into  such  thin  laminae,  nor 
with  such  wavy,  crumpled  surfaces  as  schist.  The  amount 
of  mica  is  proportionally  smaller,  and  the  quantity  of 
feldspar  is  much  greater  than  in  schists.  Gneiss  appears  as 
a  much  more  massive  rock  than  schist,  and  the  layers  into 
which  it  may  be  separated  with  ease  are  much  thicker  and 
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more  uniform  in  character.  The  gneissoid  structure,  how- 
ever, is  produced  in  the  zone  of  flowage  in  a  manner  identi- 
cal with  the  schistose,  and  there  is  every  gradation  between 
schists  and  gneisses,  as  there  is  between  gneisses  and  the  un- 
altered rocks  from  which  they  may  develop.  Thus  we  may 
have  schistose  gneiss  and  gneissoid  schist.  Gneisses,  like 
schists,  receive  special  names  from  their  characteristic  min- 
eral —  mica  gneiss,  hornblende  gneiss,  etc. ;  or  are  named  for 
the  rock  of  which  they  are  the  metamorphosed  equivalents 
—  granite  gneiss,  diorite  gneiss,  etc. 

Gneisses  originally  were  sediments  (sandstones  and  con- 
glomerates), or  igneous  rocks  of  various  types.  In  passing 
from  a  coarse  sandstone  to  a  mica  gneiss,  the  individual 
quartz  g^ain?  are  destroyed,  as  is  explained  above  under 
mica  schist  (page  64),  and  new  quartz  crystals  are  made. 
Feldspar  breaks  up  into  quartz,  feldspar,  and  mica,  and  the 
impurities  present  form  less  abundant  minerals.  The  larger 
pebbles  in  the  sandstone  are  of  course  flattened  and  crushed ; 
and,  if  metamorphism  has  not  proceeded  too  far,  remnants  of 
the  pebbles  remain  to  tell  the  story  of  the  originof  the  gneiss. 
The  gneisses  of  Connecticut  have  gone  far  beyond  that 
point  in  development,  and  no  traces  of  original  pebbles  have 
been  observed. 

The  gneisses  which  originate  from  igneous  rocks  are 
much  more  common,  and  form  larger  areas.  Here  the 
process  of  metamorphism  is  chiefly  one  of  rearrangement  of 
mineral  particles ;  the  micas  are  drawn  out  into  parallelism, 
as  are  also  the  other  minerals ;  and  new  flattened  micas  are 
produced  from  feldspar.  If  the  original  rock  was  of  simple 
composition,  the  gneiss  will  have  practically  the  same  min- 
eral composition,  the  only  noticeable  difference  being  a 
greater  abundance  of  mica,  both  muscovite  and  biotite.  In 
case  the  igneous  rock  was  porphyritic,  the  gneiss  will  also 
exhibit  that  texture,  provided  metamorphism  has  not  ad- 
vanced so  far  as  completely  to  crush  the  phenocrysts.  In 
such  cases  a  gneiss  produced  from  sedimentary  conglomer- 
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PLATE    XI. 


Fig.  I.    GNEISS  FROM  LEETE'S  ISLAND  QUARRY, 
Showing  gneissoid  structure  due  to  squeezing^  and  stretching  of  granite. 


Fig.  2.    GRANITK  FROM  BOO'  VATKRFORD, 

Showing  gr 
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ates  resembles  superficially  one  produced  from  porphyritic 
granite  (see  Plate  X). 

The  common  types  of  gneiss  in  Connecticut  are  mica  or 
granite  gneiss,*  and  hornblende  or  diorite  gneiss.  The 
mica  gneisses  are  ordinarily  squeezed,  mashed,  and  drawn 
out  modifications  of  granite  and  related  igneous  types.  Plate 
XI  shows  the  contrast  in  structure  between  the  gneiss  and 
the  unaltered  granite.  The  production  of  gneiss  is  facili- 
tated if  granite  intrusions  occur  in  the  region  and  thus  fur- 
nish feldspar  to  be  added  to  the  rock  during  the  process  of 
alteration.  The  hot  mass  promotes  the  formation  of  solu-* 
tions  that  carry  abundant  feldspathic  material  out  of  which 
feldspar  can  be  made.  Much  of  the  beautiful  banding  in 
gneiss  is  produced,  not  by  the  common  process  of  develop- 
ment of  minerals  under  pressure,  but  by  the  intrusion  of 
foreign  material  along  the  planes  of  schistosity,  as  is  ex- 
plained on  pages  55  and  69.  An  outcrop  of  ordinary  granite 
gneiss  exhibits  bands  of  granitic  material  separated  by  thin 
micaceous  bands ;  but  certain  granite  gneisses  have,  in  ad- 
dition to  the  foliation  structure  effected  in  the  zone  of  flow- 
age,  a  series  of  bands  composed  of  light  or  dark  colored 
rock  which  were  originally  no  part  of  the  constituents. 

It  ought,  perhaps,  to  be  stated  that  earlier  geologists  did 
not  accept  the  theory  here  presented  that  gneisses  are  ordi- 
narily squeezed  and  stretched  granites.  Gneiss  was  con- 
sidered as  modified  sedimentary  rock,  and  the  gneissoid 
structure  was  believed  to  be  equivalent  to  the  planes  of 
stratification  in  the  original  sediments.  Furthermore,  even  ^ 
granite  areas  were  looked  upon  by  some  geologists  as 
altered  gneisses;  that  is,  granites  were  supposed  to  have 
come  from  gneisses,  and  not  gneisses  from  granites.  Some 
gneisses  are  metamorphosed  sedimentaries,  most  of  them 
are  altered  igneous  rocks,  and  no  case  is  known  where 
granites  have  originated  from  gneisses. 


*This  phnisej  as  used  here,  and  as  used  by  many  writers^  signifies  a  gneiss 
whose  mineralogical  oomposition  is  the  same  as  that  of  granite,  without  regard 
to  its  origin.  In  Part  It  of  this  chapter  the  name  "  granite-gneiss "  is  applied 
to  gneisses  which  are  believed  to  be  derived  from  granites. 
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Hornblende  gneiss  may  develop,  like  hornblende  schist, 
from  impure  limestone,  but  commonly  represents  a  dark 
colored  igneous  rock,  diorite,  diabase,  or  some  similar  type. 
When  in  large  masses,  hornblende  gneiss  has  a  tendency  to 
split  into  slabs  with  fairly  smooth  parallel  faces. 

Gneisses  are  not  distinguished  commercially  from  gran- 
ites. Thus,  the  Monson  "  granite  "  and  the  Becket  "  gran- 
ite ",  which  are  freely  used  in  Connecticut  buildings,  are 
gneisses,  as  is  the  Glastonbury  "  granite  ",  used  for  curbing 
in  Hartford.  The  rock  quarried  along  the  Connecticut, 
from  Middletown  southward,  and  sold  as  granite,  is  like- 
wise usually  granite-gneiss.  Parts  of  the  Bristol  and  Col- 
linsville  "  granites  "  are  used  for  building,  but  much  of  the 
rock  quarried  comes  from  dark  bands  and  lenses  in  a  gran- 
ite-gneiss formation,  and  is  properly  diorite-gneiss. 

Igneous  and  Sedimentary  Gneisses  and  Schists. —  It  has 
doubtless    become    evident    to    the    reader    that    there 
is    every    gradation    between    the    various    gneisses    and 
between  the  various  schists,  as  well  as  between  gneiss 
and    schist,    and    unfortunately    it    often    happens    that 
these    gradations    occur    in    a    single    locality,    and    it    is 
impossible  to  discriminate   types  and   classify   the   rocks 
except    in    an    arbitrary    fashion.      The    difficulty    is    still 
greater    when    one    attempts    to    trace    the    history    of 
these    rocks    and    to    determine    their    original    character. 
After  a  rock  has  become  a  gneiss  or  a  schist,  how  is  it  pos- 
sible to  decide  whether  it  was  originally  sedimentary  or 
igneous,   and  what,   therefore,  was   the   condition  of  the 
ntry  during  the  time  of  its  formation?  If  any  structures. 
Lcating  deposition  or  any  unchanged  fragments  of  peb- 
j,  etc.,  exist,  then  the  sedimentary  character  is  proved; 
even  here  great  care  must  be  taken  to  distinguish  be- 
en the  structure  of  a  crushed  conglomerate  and  the 
icture  produced  in  a  rock  which  was  metamorphosed, 
1  injected  with  foreign  material,  and  then  crushed  in  a 
3nd  metamorphism.    When,  however,  all  original  struc- 
is  are  destroyed,  and  no  localities  can  be  found  where 
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completely  metamorphosed  rock  may  be  traced  to  less  al- 
tered rock  retaining  some  of  the  original  character,  no  posi- 
tive statement  may  be  made.  There  is,  however,  one  highly 
probable  suggestion  regarding  such  rocks.  From  their 
nature  igneous  rocks  have  a  certain  tendency  toward  uni- 
form texture  and  composition,  and  freedom  from  important 
structure  lines.  When  mashed  by  extreme  metamorphism, 
they  therefore  tend  to  produce  uniformly  foliated,  homo- 
geneous schists  and  gneisses.  Sedimentary  strata,  on  the 
other  hand,  exhibit  wide  variations  within  a  small  space,  and 
possess  prominent  structure  lines.  Their  composition  is 
variable,  and  an  analysis  of  a  sedimentary  rock  would  be  of 
very  local  application.  A  metamorphosed  sediment  is  more 
apt  to  be  heterogeneous,  and  to  exhibit  more  marked  band- 
ing and  crumpling,  and  much  greater  variety  of  mineral  con- 
stituents. However,  this  criterion  must  be  applied  with 
caution,  and  it  is  to  be  kept. clearly  in  mind  that  some  of  the 
schists  and  gneisses  of  the  state  hold  the  secret  of  their 
origin  fast;  and,  although  we  believe  the  rocks  contain  a 
record  of  their  life  within  themselves,  yet  science  has  not 
advanced  to  a  stage  in  which  the  symbols  can  always  be  de- 
ciphered. 

Banding  in  Gneisses. —  The  structures  which  character- 
ize gneisses  have  been  brought  about,  as  we  have  seen  be- 
fore, largely  by  pressure ;  and  the  difference  in  the  appear- 
ance of  the  laminae  is  due  mainly  to  the  greater  or  less 
amount  of  new  mineral  produced  by  metamorphic  action. 
In  this  way  the  gneisses  have  assumed  the  banded  or  rib- 
boned structure  which  may  be  scarcely  noticeable  or  very 
conspicuous,  depending  upon  contrasts  in  color  and  texture 
between  the  bands.  There  are,  however,  other  ways  in 
which  this  banded  structure  may  be  effected.  In  the  cracks 
between  the  laminae  new  minerals  may  be  deposited  from 
water  solution,  or  the  cracks  may  be  filled  by  molten  rock 
forced  in  from  below.  In  this  manner  a  banded  structure 
would  be  produced  that  would  closely  resemble  the  struc- 
tures due  to  lateral  pressure.  Furthermore,  banding  thus 
produced  would  bear  much  resemblance  to  original  bedding 
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in  sedimentary  rocks,  and  must  be  carefully  distinguished 
from  it.  When  a  rock  mass  is  fissile,  there  is  an  excellent 
opportunity  for  the  injection  of  igneous  matter  or  for  the 
introduction  of  material  in  solution;  and,  when  the  cracks 
are  thus  filled,  the  entire  rock  mass  is  firmly  cemented  to- 
gether. Such  a  rock  will  have  cleavage,  but  may  show  no 
evidence  that  it  was  once  separated  into  distinct  laminae. 

The  best  known  of  the  Connecticut  banded  gneisses  owe 
their  structures  largely  to  the  fact  that  they  have  been  in- 
jected and  cemented  after  the  development  of  schistosity; 
and,  in  fact,  few  gneisses  within  the  state  are  free  from  ma- 
terial introduced  along  the  planes  of  foliation.  Plate  XII 
shows  a  typical  banded  gneiss  which  has  been  injected 
during  or  after  the  time  when  the  metamorphic  structures 
were  developed. 

GRANITE  AREAS. 

Rocks  of  the  parts  of  Connecticut  covered  by  ancient 
crystallines  have  been  so  thoroughly  metamorphosed  that 
there  is  very  little  unaltered  rock  remaining.  Granites 
which  occur  here  are  ordinarily  gneissoid,  like  that 
in  the  Maromas  quarry,  and  may  be  completely  al- 
tered, or  may  show  some  of  the  original  structures 
as  at  East  Glastonbury  and  Derby.  There  are,  how- 
ever, some  areas  of  granite  which  have  been  slightly 
or  not  at  all  affected  by  metamorphic  processes,  and  which 
retain  their  original  composition  and  texture.  Such  areas 
are  small,  rarely  more  than  half  a  mile  in  diameter,  and  are 
distributed  unevenly  over  the  state,  with,  perhaps,  a  greater 
development  toward  the  southeast. 

The  nature  of  these  granite  masses  is  not  clear,  but  it  is 
probable  that  they  represent  molten  masses  which  were 
formed  deep  below  the  surface,  and  which  are  now  ex- 
posed only  because  the  overlying  rocks  have  been  eroded 
to  a  great  depth.  Many  of  these  granite  knobs  are  exposed 
to  view  along  the  coast,  and  here  are  located  quarries  which 
are  of  commercial   importance.     If  the   hypothesis   above 
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stated  is  correct,  and  if  we  imagine  erosion  to  proceed 
much  further,  and  perhaps  an  additional  thousand  feet  of 
rock  to  be  removed  from  the  state,  we  should  expect  these 
granite  knobs  to  appear  in  greater  profusion,  and  the  crys- 
talline area,  instead  of  being  composed  of  gneisses  and 
schists  with  a  few  small  patches  of  granite,  to  be  made  up  of 
granite  with  small  bands  of  schists  and  gneisses  between 
them.  It  is  not  supposed  that  these  granite  masses  forced 
themselves  into  the  rocks,  lifting  the  strata  above  them,  but 
that,  as  they  invalded  the  overlying  rocks,  they  quietly 
melted  and  assimilated  them.  Moreover,  it  is  probable  that 
the  granites  as  they  now  exist  are  in  large  part  made  up  of 
other  rocks  which  have  been  molten  and  recrystallized. 
It  is  also  probable  that  many  of  the  granite  areas  now  ex- 
posed are  parts  of  chimneys  or  stocks  of  igneous  rock,  which 
reached  entirely  through  the  covering  strata  and  poured  out 
their  molten  mass  as  lava  floods.  All  traces  of  such  volcanic 
activity  would  have  disappeared  with  the  removal  of  the 
thousands  of  feet  of  rock  which  once  covered  the  present 
surface.  The  age  of  these  granite  masses  is  unknown,  but 
they  are  much  younger  than  the  surrounding  gneisses  and 
schists.  Their  age,  relative  to  the  metamorphics,  is  shown 
by  the  following  facts : —  they  have  not  been  subjected  to  the 
pressure  which  produces  schistosity;  they  cut  into  and 
through  the  metamorphic  rocks;  and,  occasionally,  a  frag- 
ment of  schist  or  gneiss  is  included  within  the  granite. 
For  details  regarding  the  structure  and  character  of  these 
granite  areas  the  reader  is  referred  to  the  discussion  of  the 
Stony  Creek  and  other  granite-gneisses  of  the  shore  line, 
and  the  Westerly  granite  (pages  147,  154). 

PEGMATITES. 

In  addition  to  the  granite  masses  mentioned  above,  there 
are  found  abundantly  distributed  over  the  state  veins  or 
dikes  of  coarse-grained  rock  composed  largely  of  feldspar, 
quartz,  and  mica.  These  rocks  resemble  very  coarse  granite, 
and  the  individual  crystals  are  commonly  several  inches, 
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and  occasionally  several  feet,  in  diameter.  One  of  the 
most  interesting  veins  ever  described  occurs  at  Branchville, 
where  single  crystals  were  taken  out  which  weighed 
from  one  hundred  to  two  hundred  pounds. 

Such  rock  is  called  pegmatite.  It  has  been  termed  "  giant 
granite  ",  but  is  not  a  true  granite,  and  its  origin  is  somewhat 
different  from  the  ordinary  igneous  rock.  It  has  been 
noticed  that  pegmatite  occurs  usually  in  veins  from  a  few 
inches  to  one  hundred  feet  or  more  in  width  and  one  hundred 
or  more  feet  in  length,  though  they  may  extend  for  thou- 
sands of  feet.  It  is  found  that  the  composition  of  pegmatite 
generally  varies  in  accordance  with  its  distance  from  granite 
masses.  Near  the  granite  areas  it  closely  resembles  the  true 
coarse-grained  granite ;  farther  away  it  is  composed  largely 
of  quartz  and  feldspar,  and  at  a  still  greater  distance  from 
the  granite  bosses  pegmatite  veins  are  apt  to  consist  almost 
wholly  of  quartz.  In  this  last  case  it  is  clear  that  the  rock 
was  formed  like  a  quartz  vein  from  aqueous  solution ;  and, 
in  order  to  account  for  the  great  variety  shown  in  the  same 
pegmatite  vein,  it  is  necessary  to  assume  that  pegmatite  re- 
sults either  from  aqueous  solution,  or  from  true  igneous 
rock  injection,  or  from  the  combination  of  the  two.  Water 
contained  in  rocks  at  high  temperatures  may  carry  large 
amounts  of  mineral  matter  in  solution,  and  form  what  is 
practically  a  rock  emulsion.  The  principle  involved  is 
stated  by  Van  Hise,  as  follows : — "  Under  sufficient  pressure 
and  at  a  high  temperature  there  are  all  gradations  between 
heated  waters  containing  material  in  solution  and  magma 
containing  water  in  solution.  In  other  words,  under  proper 
conditions,  water  and  liquid  rock  are  miscible  in  all  pro- 
portions." Many  pegmatite  veins  have  crystallized  from 
such  aqueo-igneous  masses,  and  are  thus  intermediate  in 
character  between  veins  and  dikes,  so  that  either  of  the  two 
names  may  be  applied  to  them. 

These  pegmatite  veins,  which  are  scattered  so  freely 
throughout  the  state,  are  the  sources  of  quartz,  feldspar,  and 
mica  of  commercial  value.  In  addition  to  the  feldspar  and 
quartz  quarried  from  the  pegmatites,  as  at  South  Glaston- 
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bury  and  New  Milford,  these  veins  have  produced  a  variety 
of  interesting  and  valuable  minerals  which  have  found  their 
way  to  the  museums  of  the  world.  In  a  vein  of  albitic  peg- 
matite at  Branchville,  the  following  mineral  species  were 
found,  several  of  them  new  to  science: — albite,  quartz,  mus- 
covite,  microcline,  damourite,  spodumene  (and  its  alteration 
products),  apatite,  microlite,  columbite,  garnet,  tourmaline, 
staurolite,  eosphorite,  dickinsonite,  triploidite,  rhodochro- 
site,  redding^ te,  amblygonite  (hebronite),  vivianite,  lithio- 
philite,  uraninite,  fairfieldite,  fillowite,  chabazite,  killinite, 
natrophilite,  hureaulite.* 

The  Haddam  Neck  pegmatite  is  famous  for  its  green  and 
pink  tourmalines,  but  produces  also  albite,  microcline,  green 
and  pink  apatite,  red  fluorite,  beryl,  quartz,  cookeite,  lilac 
lepidolite,  greenish  white  muscovite,  and  a  peculiar  pink 
fibrous  variety  of  the  same  mineral.  Green  fluor,  microlite, 
columbite,  also  occur. f 

Other  pegmatite  veins  in  the  territory  included  in  the 
towns  of  Middletown,  Haddam,  Chatham,  Portland,  and 
Glastonbury,  have  yielded  sphalerite,  gahnite,  magnetite, 
chrysoberyl,  bismutite,  orthoclase  (crystals),  albite,  dligo- 
clase,  beryl,  iolite,  garnet,  epidote,  tourmaline,  muscovite 
(crystals),  lepidolite,  biotite,  columbite,  samarskite,  mona- 
zite,  triplite,  torbernite,  autunite,  uraninite. 

BASIC  IGNEOUS  ROCKS. 

In  the  discussion  of  gneisses  it  was  assumed  that  the 
typical  Connecticut  gneiss  was  a  banded  rock  with  a  com- 
position identical  with  granite.  Some  of  the  gneisses,  how- 
ever, are  hornblendic,  and  have  a  composition  which  closely 
resembles  that  of  diorite  or  gabbro.  In  addition  to  these 
hornblende  gneisses  there  are  areas  of  dark  colored  rock 
which  have  escaped  the  severer  metamorphism  and  may  be 
considered  as  distinct  masses  of  basic  rocks.  As  in  the  case 
of  the  granites,  these  are  to  be  considered  as  bosses  which 


^Am.  JoumaJ  of  Science^  series  3,  vol.  XVI,  pp.  33-46,  xi4-ia3,  1878;  vol.  XVII,  pp. 
339-368, 1879;  vol.  XVIII,  pp.  45-50,  1879;  vol.  Xa,  pp.  357-284, 1880;  vol.  XXXIX,  pp. 
901-416, 1890. 

iMag.  andjourn,  Min.  SoCy  vol.  XIII,  pp.  97-12x1  May,  190a  (4  figs.,  i  plate). 
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have  invaded  the  surface  rock  from  below  and  are  now  ex- 
posed by  erosion.  It  is,  of  course,  possible  that  these  areas 
are  the  deep-seated  representatives  of  ancient  volcanoes,  and 
that  they  were  once  connected  with  the  surface  and  gave  rise 
to  lava  flows  of  which  no  trace  remains.  Typical  ancient 
basic  rocks  within  the  state  are  the  gabbro-diorite  in 
Preston,  and  the  norite  in  Litchfield.     (See  pages  iii,  152.) 

Diabase  Dikes. —  The  crystalline  rocks  of  Connecticut 
are  of  very  great  age,  and  a  long  time  elapsed  between  their 
formation  and  that  of  the  diabase  and  basalt  of  the  Connecti- 
cut Valley.  There  are,  however,  within  the  crystallines,  a 
number  of  dikes  of  diabase  which  are  believed  to  date  from 
the  time  of  the  formation  of  the  Connecticut  sandstones,  and 
which  are  thus  very  much  more  recent  than  the  schists  and 
gneisses  which  surround  them.  These  dikes  are  shown  on 
the  geological  map  published  by  the  State  Survey.  It  is 
evident,  from  their  structure  and  their  relation  to  the  sur- 
rounding rocks,  that  they  have  not  been  subjected  to  the 
movements  in  the  earth's  crust  which  have  produced  the 
schistosity  so  prevalent  over  the  state.  They  are,  however, 
intersected  with  numerous  joints,  and  have  been  broken  by 
the  faults  which  have  given  character  to  the  topography  of 
central  Connecticut.  The  rock  composing  these  dikes  is 
dark  bluish  in  color,  is  massive,  is  finely  crystalline  in  tex- 
ture, and  is  in  no  way  to  be  distinguished,  superficially,  from 
the  material  composing  East  and  West  Rocks  at  New 
Haven,  and  the  Barn-door  Hills  in  Granby. 

)GRAPHIC   EXPRESSION  OF  THE  CRYSTALLINE  ROCKS. 

.  large  part  of  the  state  is  less  than  five  hundred  feet 
e  the  sea  level.  The  elevation  increases  from  the  shore 
toward  the  northwest,  the  highest  point  in  the  state  be- 
Bear  Mountain,  in  Salisbury,  which  is  2,355  feet  above 
sea.  A  number  of  points  in  the  western  crystallines, 
:ially  about  Norfolk  and  Litchfield,  are  between  1,000 
1,500  feet  in  height,  while  the  high  points  in  the  eastern 
:allines   rarely  exceed    1,000  feet.     The  higher  ridges 
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throughout  the  state  are  composed  of  schist,  and  not,  as 
might  be  readily  expected,  of  the  harder  gneisses.  The 
ordinary  schist  is  apparently  very  easily  decomposed,  and, 
when  fissile,  g^ves  ready  access  to  water  which  aids  in  its 
destruction.  The  gneisses,  however,  contain  much  greater 
quantities  of  feldspar,  which  is  the  most  readily  decomposed 
of  all  of  the  common  minerals  found  in  crystalline  rocks. 
The  result  is  that  ridges  like  Box  Mountain,  in  Bolton,  and 
Satan's  Kingdom,  in  New  Hartford,  although  made  of  finely 
foliated  schist,  stand  high  above  the  gneisses  which  surround 
them.  The  chief  topographic  features  of  the  area  occupied 
by  crystalline  rocks  are  the  elongated  hills  extending  in  a 
direction  from  a  little  east  of  north  to  a  little  west  of  south. 
This  is  the  general  direction  of  the  foliation  of  all  southern 
New  England,  and  this  structure  has  been  a  controlling  fac- 
tor in  producing  the  form  and  direction  of  the  hills.  The 
main  faults  of  the  region  are  also  northe^ast-southwest,  and 
are  an  additional  factor  in  determining  the  topographic  re- 
lief. This  direction  is,  of  course,  only  general;  there  are 
many  exceptions,  and  erosion  has  produced  hills  of  a  great 
variety  of  form. 

Wherever  quartz  is  abundant  in  the  rock,  erosion  pro- 
ceeds more  slowly;  and  accordingly  pegmatite  dikes  and 
quartz  veins  may  stand  out  prominently.  Certain  hills  in 
Plymouth,  Barkhamsted,  and  New  Hartford,  and  the  White 
Rocks  of  Middletown  owe  their  preservation  to  pegmatite 
veins.  Lantern  Hill,  in  North  Stonington,  is  a  quartz  mass 
of  unusual  size.  On  a  smaller  scale,  pegmatite  and  quartz 
veins  occur  as  combs  along  the  higher  ridges.  The  promi- 
nent ridge  of  Great  Hill,  or  Cobalt  Mountain,  on  the  bound- 
ary between  Portland  and  Chatham,  is  capped  by  an  ex- 
tremely resistant  quartzite. 

The  hills  of  the  crystallines  do  not  show  rugged  or 
precipitous  outlines.  This  is  due,  not  to  the  character  of 
the  rock,  but  to  the  fact  that  the  entire  region  has  been  over- 
ridden by  the  continental  glacier  of  the  Glacial  period,  and 
the  minor  irregularities  have  been  effaced.  The  direction  of 
glacial  motion  was  approximately  from  north  to  south,  some- 
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what  in  line  with  the  main  rock  structure,  and  has  thus 
served  to  intensify  the  north-south  course  of  the  principal 
topographic  features. 

The  general  structure  of  Connecticut  as  a  series  of  north- 
south  ridges  will  be  readily  appreciated  when  the  location  of 
the  railroad  lines  is  observed.  The  Naugatuck  Division  and 
the  Vermont  Central,  which  run  through  the  ancient  crys- 
tallines throughout  their  extent  in  Connecticut,  were  inex- 
pensive roads  to  build.  There  were  no  heavy  grades,  and 
no  great  fills  or  costly  bridges  to  be  made.  The  Hartford 
Division  and  the  Northampton  Division  take  nearly  straight 
lines,  and  were  practically  built  on  a  plane  throughout  their 
extent.  If,  on  the  other  hand,  we  consider  the  Air  Line  Di- 
vision, the  Highland  and  Midland  Divisions,  and  the  Central 
New  England,  we  see  the  great  difficulties  which  are  en- 
countered in  building  a  road  from  east  to  west.  The  Air 
Line  from  Middletown  to  East  Thompson  has  heavy  grades, 
and  the  entire  road-bed  is  a  series  of  expensive  fills,  deep 
cuts,  and  high  bridges.  The  Highland  Division  from  Wil- 
limantic  to  Danbury  winds  back  and  forth  across  the  state, 
and  goes  many  miles  out  of  its  way  in  order  to  escape  the 
ridges  in  its  natural  path.  These  same  features  are  exhibited 
by  the  Central  New  England,  which  crosses  the  Western 
Highland  at  an  altitude  of  over  1,300  feet.  Throughout  its 
extent  it  is  an  almost  continuous  series  of  curves.  If  a  road 
were  to  be  built  directly  across  the  state,  east  and  west, 
from  Sharon  to  Putnam,  or  from  Danbury  to  Norwich,  the 
cost  would  be  greater  than  commercial  operations  would 
justify,  and  the  building  would  be  little  less  difficult  than 
railroad  work  in  mountains.  The  financial  history  of  these 
roads  has  been  directly  related  to  their  geographical  loca- 
tion, for  less  favorable  location  means  increased  cost  in  both 
construction  and  operation. 

GEOLOGICAL    HISTORY    OF    THE    CONNECTICUT    CRYSTAL- 
LINES. 

The  length  of  time  since  life  first  appeared  on  the  earth 
is  to  be  measured  by  tens  of  millions  of  years.    The  time 
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recorded  in  the  series  of  fossiliferous  strata  has  been  divided 
for  convenience  into  several  eras,  called  Cambrian,  Ordo- 
vician,  Silurian,  Devonian,  Carboniferous,  Jurassic,  Trias- 
sic,  Cretaceous,  Tertiary,  Quaternary  —  each  system  being 
marked  by  characteristic  fossils.  Before  these  come  the 
Archaean,  showing  no  evidences  of  life,  and  the  Algonkian, 
with  only  doubtful  traces  of  life.  An  immensely  long  time 
it  must  have  been  before  the  earth  was  adapted  for  living 
forms.  Fossils  are  the  most  readily  applicable  means  of  de- 
termining the  age  of  rocks,  and  the  only  fossils  found  within 
the  state  are  those  of  the  Triassic  sandstones  —  chiefly 
fishes,  reptiles,  and  plants.  There  is,  therefore,  no  formation 
within  Connecticut  older  than  the  Triassic,  whose  age  has 
been  definitely  determined  by  the  examination  of  the  rocks 
themselves.  Their  position  in  the  time  scale  can  be  de- 
termined only  by  comparison  with  other  regions  where  sim- 
ilar rocks  are  present  in  known  relations.  By  combining 
such  comparison  with  the  study  of  the  structure  of  the  rocks 
themselves,  it  is  found  that  the  crystallines  within  the  state 
have  had  a  long  and  complicated  geological  history,  begin- 
ning before  the  earliest  fossiliferous  strata  were  deposited. 

Rocks  older  than  the  Cambrian  exist  in  Connecticut,  but 
we  are  ignorant  of  their  origin  and  exact  age.  They  may 
have  been  sediments  containing  fossils,  or  they  may  have 
been  igneous  masses.  Whether  they  represent  the  Arch- 
aean or  the  Algonkian  system,  or  both,  is  unknown. 
Their  position  and  structure  and  texture  are  so  altered  by 
metamorphism  that  all  evidences  which  might  be  used  in  de- 
termining their  age  have  been  destroyed.  There  is,  however, 
little  warrant  for  assuming  in  general  that  the  gneisses  and 
granites  of  Connecticut  represent  parts  of  the  "  original 
earth's  crust."  The  Becket  gneiss  and  certain  other  forma- 
tions in  Connecticut  are  believed  to  be  pre-Cambrian,  al- 
though without  conclusive  evidence. 

A  study  of  the  Cambrian  rocks  of  North  America  shows 
the  distribution  of  land  and  water  to  have  been  very  dif- 
ferent from  the  present.  There  are  some  facts  that  suggest 
that  Connecticut  was  under  water,  and  that  a  land  mass  ex- 
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isted  to  the  eastward  beyond  the  present  shore  line.  It  has 
been  fairly  well  demonstrated  that  a  sea  or  bay  of  salt  water 
stretched  across  western  New  England  and  up  to  the  St. 
Lawrence.  The  extent  of  this  Cambrian  sea  is  unknown; 
but  part  of  the  marble  of  the  Housatonic  valley  is  believed 
to  have  been  made  from  calcareous  mud  deposited  at  that 
time ;  and  the  quartzite  at  Poughquag,  just  west  of  the  Con- 
necticut border,  is  believed  to  be  the  metamorphic  represen- 
tative of  a  Cambrian  sandstone. 

During  the  Ordovician  period  the  conditions  for  the  de- 
position of  sediments  continued,  and  sandstones  and  shales 
and  calcareous  deposits  were  formed.  The  calcareous  ma- 
terial is  now  represented  by  the  upper  part  of  the  limestone 
of  western  Connecticut  and  Massachusetts,  and  the  shales 
and  sandstones  are  believed  to  have  been  the  originals  from 
which  certain  schists  were  developed  by  metamorphism. 
The  accumulation  of  these  sediments  implies  the  wearing 
down  of  the  adjacent  lands,  perhaps  to  a  plain. 

In  western  Connecticut  no  definite  record  is  left  of  the 
long  interval  of  time  between  the  Ordovician  and  the  Trias- 
sic.  The  absence  of  known  Devonian  and  Carboniferous 
strata,  and  the  facts  which  are  known  in  regard  to  the  geo- 
logical history  of  eastern  North  America  in  general,  suggest 
the  belief  that  the  state  during  these  ages  was  part  of  a  land 
mass  bounded  on  the  west  by  a  salt-water  sea  and  on  the 
east  by  the  ocean.  Moreover,  it  is  believed  that  Devonian 
time  saw  western  New  England  molded  into  mountain 
ranges,  and  witnessed  their  disappearance  into  land  of  less 
relief.  The  inference  that  an  area  of  dry  land  existed  in 
western  New  England  during  Devonian  time,  rests  upon  the 
fact  that  the  fossils  found  in  Maine  are  unlike  those  of 
corresponding  age  found  in  New  York,  thus  indicating  the 
presence  of  an  isthmus  separating  two  water  bodies  in  the 
northeastern  United  States.  Then  again,  the  sediments  of 
Devonian  age  both  east  and  west  of  Central  New  England 
show  a  retreating  shore  line,  as  if  the  land  were  rising  along 
a  northeast-southwest  axis.  The  great  thickness  of  Devon- 
ian sediments  in  the  region  to  the  west  —  5.000  to  10,000 
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feet  —  indicates  that  the  land  area  of  New  England  consti- 
tuted a  mountain  range  comparable  in  height  to  the  south- 
em  Appalachians  and  perhaps 'even  rivaling  the  Alps. 

Between  the  Ordovician  and  the  Triassic  occurred  the 
universal  metamorphism  of  the  sedimentary  deposits,  with 
the  intrusions  of  igneous  rock  and  the  formation  of  the 
numerous  veins  of  quartz  which  form  such  characteristic 
features  of  the  metamorphic  crystallines.  The  portions  of 
the  intrusive  masses  now  exposed  to  view  cooled  and 
crystallized  beneath  the  earth's  surface ;  but  it  is  reasonable 
to  assume  that  part  of  the  molten  rock  reached  the  surface, 
and  gave  rise  to  volcanic  phenomena,  all  traces  of  which 
have  now  disappeared.  The  date  of  these  intrusions  and 
details  of  their  character  are  unknown.  All  that  can  safely 
be  said  is  that  they  represent  different  periods  of  igneous 
activity  and  occurred  between  the  Ordovician  and  the 
Triassic.  Metamorphism  of  the  pre-Triassic  rocks  occurred 
at  some  date  or  at  several  different  dates  later  than  the  orig- 
inal deposition  of  the  rocks.  The  exact  time  when  these 
great  changes  took  place  cannot  be  stated,  but  the  metamor- 
phism in  large  part  seems  to  have  been  associated  with  the 
mountain-making  movements  which  were  so  marked  near  the 
close  of  the  Carboniferous.  A  wide  extent  of  territory  in 
the  eastern  part  of  the  United  States  was  affected  at  this 
time,  extending  from  the  St.  Lawrence  to  Alabama.  Sedi- 
ments which  had  been  accumulating  for  ages  were  forced 
into  smaller  compass.  Along  the  present  Appalachians  the 
rocks  were  folded  into  arches;  and  the  more  severe  com- 
pression in  New  England  resulted  in  profound  alteration 
of  the  rocks  and  the  production  of  slates,  schists,  and 
gneisses.  The  result  is  that  no  unchanged  sediments  of 
pre-Triassic  age  exist  in  Connecticut,  but  their  metamor- 
phosed equivalents  are  present  everywhere.  The  igneous 
intrusions  have  likewise  been  forced  in  many  places  to  de- 
velop schistosity  and  to  take  on  gneissoid  structure. 

In  brief,  then,  the  history  of  Connecticut  previous  to  the 
deposition  of  the  Triassic  materials  seems  to  be  as  follows: 
The  region  was  submerged  beneath  an  extensive  sea  until 
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late  Silurian  times.  During  Devonian  time  mountain  masses 
rose  and  disappeared.  Throughout  the  Carboniferous  era 
the  state  probably  remained  a  land  area,  and  near  the  close 
of  this  period  the  great  metamorphic  changes  were  pro- 
duced.* 

Indications  of  Paleozoic  History  in  the  Structure  of 
the  Crystallines. — As  we  have  already  seen,  the  crystal- 
line rocks  are  chiefly  schists  and  gneisses,  and  accordingly 
have  structures  indicating  that  they  have  been  profoundly 
changed  from  their  original  sedimentary  or  igneous  char- 
acter. The  original  component  minerals  have  been  re- 
arranged, stretched,  and  drawn  out  in  lines;  new  miner- 
als have  been  produced;  parts  have  been  fused  and  re- 
crystallized.  Instead  of  horizontal  layers  or  uniform  igneous 
masses,  we  find  twisted  and  broken  rock  with  layers,  bands, 
and  ribbon  structures  in  every  conceivable  position.  More- 
over, this  tangle  of  structure  is  further  complicated  by  the 
presence  of  dikes,  seams,  and  veins  which  have  made  their 
way  into  the  rock  at  different  stages  of  its  history.  In  look- 
ing at  this  confused  mass  of  rock  which  forms  the  Con- 
necticut crystallines,  it  seems  apparent  that  it  has  taken  part 
in  manifold  changes  which  went  on  in  the  earth's  crust 
for  ages.  This  very  complexity  of  structure  and  compo- 
sition is  an  important  aid  in  determining  the  relative  age  of 
the  rocks,  for  it  is  evident  that  in  general  the  oldest  rocks 
must  have. been  affected  by  the  greatest  number  of  disturb- 
ances, and  accordingly  the  rocks  of  one  age  may  exhibit 
structures  not  found  in  those  of  succeeding  ages.  In  the 
absence  of  other  criteria  the  geologist  is  forced  to  fall  back 
upon  this.  These  rocks  are  like  a  sheet  of  parchment  on 
which  writing  after  writing  has  been  placed  at  different 
times  by  different  hands,  without  at  any  time  completely 
erasing  the  previous  inscriptions.  Little  wonder  that  we 
have  difficulty  in  deciphering  the  original  writing! 


*The  outline  of  geological  history  given  above  is  based  on  data  published  by 
the  New  York  Sute  Survey  and  the  United  Sutes  Geological  Survey,  and 
relates  primarily  to  western  Connecticut.  Very  little  is  known  regarding  the 
order  of  succession  and  age  of  the  schists  and  gneisses  of  eastern  Connecticut. 
Such  conclusions  as  seem  probable  regarding  their  history  are  stated  in  con- 
nection with  the  descriptions  of  the  formations  in  Part  II  of  this  chapter. 
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THE  CRYSTALLINE  ROCKS. 

Part  II. 

SPECIAL  DESCRIPTION   OF  THE   CRYSTALLINE 

FORMATIONS. 


INTRODUCTION. 

It  is  hoped  that  the  explanations  given  in  Part  I  of  this 
chapter  are  sufficient  to  enable  the  reader  to  appreciate  the 
significance  of  the  composition  and  texture  of  the  chief  rock 
types  distributed  over  the  state,  as  well  as  something  of 
their  origin  and  geological  history.  In  the  present  part  it 
is  the  intention  to  describe  briefly  the  separate  geological 
formations  which  constitute  the  ancient  igneous  and  meta- 
morphic  rocks  both  on  the  east  and  the  west  side  of  the  Tri- 
assic  lowland. 

Local  geographic  names  have  been  applied  to  the  for- 
mations, except  in  a  few  cases  where  rock  of  the  same 
composition  and  stratigraphic  position  has  been  previously 
described  in  adjoining  states.  The  formations  along  the 
Massachusetts  line  are  usually  continuous  northward;  but 
in  some  cases  (for  example,  the  Putnam  gneiss)  it  seems 
wiser  to  retain  the  names  used  by  the  survey 'field  parties 
than  to  use  terms  applied  to  similar  formations  outside  the 
state.  As  the  geological  work  in  Connecticut  progresses,  it 
is  quite  probable  that  certain  formations  mapped  and  de- 
scribed separately  will  be  found  to  be  the  equivalents  of 
known  deposits  elsewhere,  and  that  rocks  v%ich  now  seem 
entirely  distinct  may  be  found  to  be  varieties  of  other  for- 
mations. In  any  case  it  is  to  be  expected  that  many  changes 
in  nomenclature  will  be  required. 

It  is  noticeable  that  the  rock  types  represented  in  the 
Connecticut    crystallines    are    prevailingly    gneisses    and 
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schists,  as  might  be  expected  from  the  intense  metamor- 
phism  to  which  they  have  been  subjected.  With  the  ex- 
ception of  pegmatite  veins  and  small  dikes  of  granite,  and 
portions  of  the  Preston  gabbro,  the  Brookfield  diorite,  and 
some  of  the  granite-gneiss  areas,  there  are  no  rocks  within 
the  crystalline  areas  whose  structure  has  not  been  markedly 
affected.  It  is  customary  to  use  the  term  "  granite  *'  for 
rocks  consisting  essentially  of  quartz  and  feldspar  with  mica 
or  other  dark  mineral,  as,  for  example,  the  "  Westerly 
granite  ",  the  "  Stony  Creek  granite  ",  or  the  "  Glastonbury 
granite  ".  Strictly  speaking,  however,  there  are  no  areas  of 
granite  within  the  state  large  enough  to  be  represented  on 
the  published  geologic  map.  Granite,  when  the  word  is 
used  strictly,  is  a  rock  massive  in  structure,  with  crystals  of 
quartz,  feldspar,  and  usually  mica,  all  about  of  one  size ;  its 
component  crystals  are  not  drawn  out  into  lines,  and  folia- 
tion planes  are  not  present  in  it.  The  development  of  folia- 
tion or  schistosity  by  metamorphism  produces  a  gneiss.  A 
granite  in  which  metamorphic  action  has  developed  a  gneiss- 
oid  structure,  is  a  gneissoid  granite,  or,  better,  a  granite- 
gneiss.  The  term  "  gneiss  "  implies  nothing  as  to  compo- 
sition, but  refers  entirely  to  the  surface  appearance  and 
structure  of  the  rock.  Thus  we  have  Brookfield  diorite- 
gneiss,  Bristol  granite-gneiss,  etc.  In  this  publication  the 
word  "  gneiss  "  used  alone  is  restricted  to  those  formations 
possessing  gneissoid  structure  which  are  believed  to  be 
sedimentary  in  origin  (for  example,  the  Putnam  gneiss),  or 
those  whose  origin  is  in  doubt  (for  example,  the  Becket 
gneiss).  In  naming  the  rock  types,  field  appearance  and  ex- 
amination with  a  hand  lens  have,  in  the  main,  been  relied 
upon ;  and  it  is  altogether  probable  that  laboratory  study 
will  result  in  a  changed  classification.  Doubtless,  also, 
rocks  of  unlike  character  will  be  found  to  have  been  placed 
in  a  single  formation. 

The  age  of  the  Connecticut  crystalline  rocks  is  uncertain, 
and  whatever  is  said  in  this  report  as  to  their  probable  age  is 
subject  to  radical  revision.  No  formation  within  the  crys- 
talline area  of  the  state  has  yielded  direct  evidence  as  to 
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its  stratigraphic  position.  The  Poughquag  quartzite  and  the 
Stockbridge  dolomite  seem  to  be  satisfactorily  placed  in 
the  time  scale  by  facts  collected  beyond  the  borders  of  Con- 
necticut; and,  if  the  Pomfret  phyllite  is  identical  with  the 
fossiliferous  phyllite  at  Worcester,  a  time  horizon  is  estab- 
lished for  the  eastern  part  of  the  state.  But,  to  say  the  least, 
the  absence  of  fossils  in  these  ancient  rocks  makes  correla- 
tion difficult,  and  the  results  so  far  attained  are  unsatisfac- 
tory. 

From  what  has  been  said  it  is  evident  that,  from  the 
standpoint  of  exact  science,  a  satisfactory  geological  report 
and  map  of  the  Connecticut  crystallines  can  not  be  made  at 
the  present  time.  The  data  are  incomplete,  and  the  inter- 
pretations are  open  to  question.  Under  such  circumstances 
it  might  be  considered  wise  to  delay  the  publication  of  a 
handbook  until  the  entire  region  had  been  studied  in  detail 
by  a  group  of  trained  specialists.  It  has  seemed  best,  how- 
ever, to  present  such  facts  as  are  available,  and  to  put  into 
the  hands  of  those  interested  in  Connecticut  geology  some 
work  which  will  enable  them  to  understand  the  main  facts 
regarding  the  rock  formations  about  them.  This  is  deemed 
especially  desirable  since  the  complete  study  of  the  geolog- 
ical details  may  not  be  carried  out  for  a  number  of  years. 

The  data  upon  which  the  following  descriptions  and  also 
the  geological  map  are  based,  come  from  several  sources, 
but  chiefly  from  unpublished  manuscripts  written  by  of- 
ficers of  the  United  States  Geological  Survey  and  the  Con- 
necticut Geological  and  Natural  History  Survey.  The 
region  west  of  the  73d  meridian  has  been  surveyed  by  Pro- 
fessor W.  H.  Hobbs  and  assistants.  The  Litchfield  Folio 
(containing  a  geologic  map  and  descriptions  of  the  area  cov- 
ered by  the  Cornwall,  Winsted,  Danbury,  and  Waterbury 
topographic  sheets)  is  nearly  ready  for  publication  by  the 
United  States  Geological  survey.  Credit  should  also  be 
given  to  Professor  J.  D.  Dana,  who  spent  much  time  in  the 
western  part  of  the  state,  and  to  whom  we  owe  our  first  ac- 
curate knowledge  regarding  the  structure  and  relationship 
of  the  limestone  areas  of  Connecticut  and  eastern  New  York. 
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The  crystalline  rocks  bordering  the  Triassic  north  of  a  line 
through  Higganum  and  Prospect  have  been  studied  by 
Professors  Herbert  E.  Gregory  and  Lowis  G.  Westgate.  The 
results  of  this  work  will  appear  in  a  report  on  the  Farming- 
ton  Quadrangle  (consisting  of  the  Granby,Meriden,  Hartford, 
and  Middletown  sheets  of  the  topographic  atlas)  to  be  is- 
sued by  the  United  States  Geological  Survey.  The  eastern 
part  of  the  state  has  been  mapped  only  in  a  preliminary 
way  under  the  auspices  of  the  United  States  and  the  State 
Survey,  by  Professor  Gregory  and  Dr.  H.  H.  Robinson,  as- 
sisted by  Dr.  C.  H.  Warren,  Dr.  W.  E.  Ford,  and  Dr.  G.  F. 
Loughlin. 

Previous  to  the  recent  work  carried  on  by  the  Federal 
and  State  Surveys  no  general  work  on  the  crystallines  had 
been  undertaken  since  Percival's  "  Geology  of  Connecti- 
cut "  appeared  in  1842.  In  that  report  important  rock  for- 
mations are  distinguished  and  described,  and  marked  oflf  on 
a  geological  map.  Percival's  field  observations  were  re- 
markably correct;  but  the  nomenclature  used  by  him,  and 
his  method  of  representing  formations  on  the  map,  are  such 
that  it  is  practically  impossible  for  the  average  reader  to  use 
his  classic  work  intelligently. 

With  the  exception  of  the  smaller  dikes,  veins,  etc.,  the 
formations  described  in  this  chapter  are  shown  on  the  ac- 
companying map  (PI.  XIV).  In  making  the  geographic 
base  for  this  map  the  Southern  New  England  Telephone 
Company's  map,  on  a  scale  of  about  three  miles  to  the  inch, 
was  used.  It  has  been  simplified,  however,  by  omitting 
roads  and  most  of  the  names.  Only  a  few  of  the  rivers  have 
been  named,  but  others  may  be  readily  identified  by  refer- 
ence to  the  topographic  map  of  the  state.  Small  circles  give 
the  location  of  villages  or  cities.  Those  villages  or  cities 
which  have  the  same  name  as  the  town  within  which  they 
are  situated  are  not  named.  Stations  on  railroads  are  indi- 
cated by  black  dots,  and  have  been  taken  from  the  railroad 
time  tables.  Boundaries  of  geologic  formations  are  shown 
as  red  lines,  and  each  formation  is  numbered  in  red,  ac- 
cording to  the  legend  at  the  left  side  of  the  map. 
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QEOLOQICAL  FORMATIONS  OF  THE  WESTERN   HIGHLANDS. 

With  the  exception  of  a  small  area  of  Triassic  rocks  in 
Woodbury  and  Southbury  (see  page  i6o),  the  entire  western 
part  of  Connecticut,  bounded  by  a  line  extending  from  New 
Haven  to  North  Granby,  is  composed  of  ancient  .crystalline 
rocks.  The  distinct  formations  here  represented  ai-e — the 
Becket  gneiss,  which  is  regarded  as  a  pre-Cambrian  complex 
equivalent  to  the  Fordham  gneiss  in  the  vicinity  of  New 
York  City ;  the  Poughquag  quartzite,  of  Cambrian  age ;  the 
Stockbridge  limestone,  of  Cambro-Ordovician  age;  the 
Berkshire  (Hudson)  schist,  of  Upper  Ordovician  age;  and 
the  Hartland  (Hoosac)  schist,  probably  of  Silurian  age. 
The  Waterbury  gneiss  is  Hartland  schist  modified  by  igne- 
ous injections.  In  addition  to  these  there  are  igneous 
masses;  namely,  the  Danbury  granodiorite-gneiss.  Brook- 
field  diorite,  Thomaston  granite-gneiss,  Collinsville  granite- 
gneiss,  Bristol  granite-gneiss,  Prospect  porphyritic  gneiss, 
Litchfield  norite,  areas  of  peridotite,  and  numerous  amphib- 
olite  dikes  and  pegmatite  veins.  In  the  southeastern  part 
of  the  district  are  found  the  Orange  phyllite  and  the  Milford 
chlorite  schist. 

Poughquag  Quartzite§  [i]  is  distributed  over  the  western 
part  of  the  state  with  little  order,  and  is  restricted  to  isolated 
areas  surrounded  by  other  crystalline  rocks.  It  occurs  on 
Rattlesnake  Hill  in  North  Canaan,  on  the  north  and  east 
sides  of  Barrack  Hill,  on  the  north  flank  of  Cream  Hill  in 
Canaan,  and  on  Sharon  Mountain.  It  also  occurs  on  the 
highlands  west  of  Swift  Bridge.  Strips  are  found  in  Kent 
west  of  the  Housatonic  River,  and  likewise  at  South  Kent. 
It  occupies  the  south  shore  of  Bantam  Lake,  extending 
from  Little  Mt.  Tom  eastward  to  the  branch  of  the  Nauga- 
tuck  River.  Small  areas  also  appear  west  of  Milford  and 
west  of  Orange  Center.    Rock  belonging  to  this  formation 


§  The  descriptions  of  the  formations  west  of  the  73d  meridian  are  based 
largely  upon  the  work  done  by  the  United  States  Geological  Survey  under  the 
direction  of  Professor  W.  H.  Hobbs.  Parts  of  this  chapter  are  taken  almost  in 
their  present  form  from  the  unpublished  manuscript  of  the  Litchfield  Folio.  This 
statement  applies  particularly  to  the  descriptions  of  the  Poughquag  quartxite, 
Stockbridge  dolomite,  Berkshire  schist,  Brookfield  diorite,  Thomaston  granite- 
gneiss,  and  Litchfield  norite. 
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is  found  in  northwestern  Massachusetts,  southern  Vermont, 
and  eastern  New  York,  and  is  described  in  geological  works 
as  Cheshire  quartzite.  Similar  rocks  occur  in  a  number  of 
localities  east  of  the  Connecticut  River,  as  will  be  described 
later;  but  whether  or  not  they  are  of  the  same  age  is  un- 
known. 

The  rock  appears  under  two  types.  The  first  is  a  massive 
granular  quartzite,  composed  largely  of  quartz  and  feldspar, 
the  latter  being  microcline  and  orthoclase  with  a  small 
amount  of  plagioclase.  The  feldspar  may  equal  or  even  ex- 
ceed the  quartz  in  amount.  Ordinarily  mica  is  also  present 
and  is  generally  biotite.  Where  this  rock  has  been  exposed 
to  the  atmosphere  for  any  length  of  time,  it  has  weathered  to 
a  dull  brown  color,  due  to  hydrated  iron  oxide.  The  schistose 
type,  as  found  in  Morris,  is  much  more  micaceous,  and  has 
a  well  developed  schist  structure.  As  seen  in  the  field,  it  is 
quite  unlike  the  granular  rock  of  Sharon  Mountain,  but  is 
believed  to  be  a  modification  of  the  same  formation. 

Between  Falls  Village  and  Cornwall  Hollow  opportunity 
is  offered  for  measuring  the  thickness  of  the  Poughquag 
quartzite.  Here  the  rock  dips  conformably  beneath  the 
Stockbridge  limestone,  and  is  believed  to  envelop  an  elon- 
gated dome  of  Becket  gneiss.  The  measured  thickness  at  this 
locality  is  between  700  and  800  feet.  That  the  Poughquag 
quartzite  is  an  altered  sandstone  is  shown  by  the  fact  that 
often,  even  where  it  is  most  metamorphosed,  fragments  of 
the  original  sedimentary,  material  occur  in  it.  In  certain 
places  farther  north  the  quartzite  is  so  little  changed  that 
fossils  have  been  found  in  it,  thus  determining  its  age  as 
Upper  Cambrian. 

Stockbridge  Limestone  [2] . —  Metamorphosed  dolomitic 
limestone  is  a  prominent  formation  in  the  eastern  United 
States.  It  is  abundantly  exposed  in  the  upper  Housatonic 
valley,  and  has  received  the  general  name  of  Stockbridge 
limestone,  because  of  its  occurrence  at  Stockbridge,  Massa- 
chusetts. In  Connecticut  all  the  exposures  of  any  import- 
ance are  in  the  western  and  northwestern  part  of  the  state. 
A  wide  belt  extends  from  Canaan  Vallev  southwestward  to 
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Sharon,  and  underlies  a  large  portion  of  the  towns  of  North 
Canaan,  Canaan,  and  Salisbury.  A  narrow  belt  extends 
from  Cornwall  Bridge  to  Gaylordsville,  forming  the  valley 
of  the  Housatonic  River.  A  smaller  belt,  rarely  attaining  a 
mile  in  width,  extends  from  New  Preston  through  Marble- 
dale,  Northdale,  New  Milford,  Brookfield,  and  Danbury,  to 
West  Redding.  In  the  vicinity  of  Danbury  this  belt  widens 
and  sends  an  arm  westward  to  the  New  York  line.  An  area 
somewhat  detached  from  the  main  belt  occurs  at  Ridge- 
iield,  and  a  number  of  small  limestone  areas  are  found  in 
other  parts  of  the  state,  as  at  Winsted,  Robertsville,  East 
Hartland,  Long  Hill,  and  at  a  few  places  east  of  the  Con- 
necticut River.  These  small  detached  areas  are  identical  in 
composition  with  the  main  masses  of  the  Stockbridge  lime- 
stone, and  it  may  be  that  most  of  them  are  parts  of  one  gen- 
eral formation,  and  owe  their  isolated  position  to  accidental 
circumstances.  There  is,  however,  no  direct  proo.f  of  this. 
Beyond  the  borders  of  the  state  the  Stockbridge  limestone 
is  found  in  more  or  less  parallel  belts  which  extend  from 
Vermont  to  Georgia  and  include  some  of  the  most  important 
building  stones  of  the  United  States. 

The  Stockbridge  limestone  is  one  of  the  few  geological 
formations  in  Connecticut  possessing  characteristics  which 
enable  the  geologist  to  interpret  without  doubt  its  origin  and 
geological  history.  The  region  occupied  by  this  rock  —  the 
northwestern  part  of  the  state — has  been  made  classic 
ground  by  Professor  J.  D.  Dana.  His  papers  on  this  region 
in  the  American  Journal  of  Science,  series  3,  vols.  IV,  V,  VI, 
and  XXIX,  show  the  care  with  which  the  outcrops  were 
studied  and  the  skill  used  in  solving  the  difficult  structural 
problems  there  presented.  The  work  of  Professor  Hobbs  in 
this  region  has  added  important  new  data,  and  the  results 
of  his  study  are  to. appear  in  the  forthcoming  Litchfield 
Folio,  to  be  published  by  the  United  States  Geological 
Survey.  Professor  Hobbs's  acquaintance  with  the  same 
formation  in  Massachusetts  and  in  New  York  has  enabled 
him  to  interpret  the  Connecticut  structures  and  to  add 
much  new  information. 
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The  Stockbridge  limestone  is  important  economically, 
for  in  it  occur  the  iron  mines  of  Salisbury,  Connecticut,  and 
of  Columbia  and  Dutchess  counties,  New  York.  The  rock 
is  burned  for  lime,  and  is  an  important  building  st6ne.  The 
marble  of  the  State  Capitol  at  Hartford  was  quarried  at 
Canaan,  and  the  stone  for  the  National  Capitol  at  Washing- 
ton was  taken  from  the  same  belt  farther  north. 

Because  of  its  slight  resistance  to  erosion  the  limestone 
usually  constitutes' valley  areas.  It  is  the  natural  channel 
of  the  Housatonic  River;  and,  wherever  the  river  has  de- 
serted the  limestone  bed,  it  has  done  so  because  of  special 
structures  in  the  rocks  or  because  of  the  modifications  pro- 
duced by  the  ice  sheet. 

The  Stockbridge  limestone  is  a  light  gray  marble  of 
medium  g^ain,  having  a  thoroughly  crystalline  texture,  and 
composed  chiefly  of  calcite  and  dolomite.  The  relative  pro- 
portions of  calcite,  dolomite,  and  impurities  are  shown  by 
the  following  partial  analyses  made  from  specimens  at 
Lime  Rock  and  Sharon : — 
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The  analysis  of  the  rock  at  the  Ashley  Falls  Marble  Co., 
made  by  Messrs.  Ricketts  and  Banks,  gives  the  following  re- 
sults : — 
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This  analysis  shows  that  the  Stockbridge  formation  at  this 
locality  is  a  typical  dolomite,  composed  almost  entirely  of 
carbonates  of  lime  and  magnesia  in  proportions  of  53.63  per 
cent,  of  the  former  and  45.07  per  cent,  of  the  latter. 

A  characteristic  feature  of  the  limestone  is  the  presence 
of  imbedded  metamorphic  minerals,  some  of  them  attaining 
large  size,  and  all  of  them  formed  since  the  rock  was  depos- 
ited. The  most  distinctive  of  the  minerals  is  a  white  pyrox- 
ene (diopside),  which  is  known  to  quarry  men  as  "Jason's 
teeth."  It  occurs  usually  in  flat  crystals,  with  character- 
istic octagonal  cross-section.  It  frequently  exhibits  a  silky 
surface  owing  to  the  development  of  tremoHte,  a  variety  of 
amphibole  similar  in  composition  to  diopside.  In  the 
New  Preston  valley  the  tremolite  is  developed  in  plumose 
or  fan-shaped  groups  of  needles,  which  attain  the  dimensions 
of  an  inch  or  more.  A  yellowish  brown  mica  —  phlogopite 
— is  also  characteristic  of  dolomite,  and  occurs  abundantly  as 
minute  scales.  In  places  sericite  is  developed  in  such  quan- 
tities as  to  alter  the  rock  to  a  calcareous  mica  schist  In 
the  Mt.  Washington  region  the  dolomite  is  occasionally 
graphitic.  Chondrodite,  pyrite,  chalcopyrite,  black  calcite, 
clinochlore,  and  talc,  also  occur. 

A  modification  of  the  Stockbridge  limestone  occurs  in  a 
number  of  localities,  and  has  been  named  by  W.  H.  Hobbs 
canaanite.  It  forms  ridges  of  a  few  rods  in  width,  but 
usually  of  considerable  length,  and  is  a  white  rock  which 
weathers  to  a  dark  gray  ragged  or  cellular  surface.  It  is 
composed  chiefly  of  diopside,  and  is  believed  to  have  been 
formed  from  the  Stockbridge  limestone  by  solution  along 
the  lines  of  fracture.  A  ridge  of  silicified  dolomite  ex- 
tends between  Falls  Village  and  Canaan  for  a  distance  of 
about  four  miles.  This  ridge  rises  from  the  otherwise  nearly 
level  valley  of  the  Housatonic,  and  its  topographic  form  has 
apparently  been  determined  by  the  fact  that  the  Stockbridge 
limestone  has  been  modified  and  hardened  along  this  line. 
When  the  rock  composing  the  ridge  is  examined,  it  is  seen  to 
have  a  framework  consisting  of  interlacing  veins  of  quartz. 
Within  the  meshes  of  this  network  is  found  the  Stockbridge 
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limestone,  showing  an  unusually  coarse  texture,  in  which 
are  developed  large  crystals  of  tremolite  and  diopside. 
The  tremolite  occurs  in  distinct  stars  or  wheels,  the  in- 
dividual crystals  being  sometimes  several  inches  in  length. 
This  silicified  type  of  the  Stockbridge  limestone  is  believed 
to  have  been  the  result  of  crushing  along  the  line  of  faulting. 
The  rock  was  shattered,  and  later  the  fragments  were 
cemented  by  water  bearing  silica  in  solution. 

The  lower  part  of  the  Stockbridge  limestone  was  origi- 
nally a  calcareous  mud  deposited  in  shallow,  widespread 
seas  during  Cambrian  time.  Part  of  it  is  of  Lower  Ordo- 
vician  age,  and  there  seems  to  have  been  no  physical  break 
between  the  Cambrian  and  Ordovician  in  this  locality.  The 
formation  is  so  complicated  by  a  series  of  close  overturned 
folds,  severe  deformation,  fracture,  and  faulting,  that  it  is 
impossible  to  determine  its  thickness  with  accuracy;  it  is 
probable  that  its  thickness  varies  within  wide  limits,  and 
that  in  places  it  thins  out  until  it  entirely  disappears.  Along 
the  border  of  the  ancient  land  masses  the  formation  is  be- 
lieved to  have  a  thickness  of  five  hundred  feet  or  more. 

Berkshire  (Hudson)  Schist  [3]  is  a  widespread  forma- 
tion in  western  Connecticut,  which  extends  into  Massachu- 
setts and  southward  into  New  York.  It  may  be  roughly 
divided  into  two  areas.  The  first  occupies  the  extreme 
northwest  comer  of  the  state,  including  Bear  Mountain, 
Indian  Mountain,  and  a  number  of  small  hills  which  rise 
above  the  limestone  of  the  Canaan-Salisbury  district.  The 
second  area  forms  a  long  irregular  line  extending  southwest- 
ward  from  Norfolk,  and  has  its  greatest  and  most  character- 
istic development  in  Goshen,  Cornwall,  Warren,  and  Kent. 
An  area  also  extends  from  Winsted  northward  to  the  state 
line.  The  New  York  City  Folio  contains  a  description  of 
this  rock  at  the  southernmost  extension  of  the  belt.  In  the 
Salisbury  region  the  formation  is  generally  a  gray  or  green- 
ish g^ay  muscovite-biotite  schist,  with  rusty  foliation  planes, 
and  usually  closely  folded.  In  places  the  rock  has  a  greenish 
tinge,  and  passes  into  a  chlorite  schist  or  even  a  graphite 
schist  toward  the  base  of  Mt.  Washington.     Porphyritic 
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minerals  are  imbedded  in  the  schist,  and  their  method  of  oc- 
currence shows  that  they  have  been  formed  since  the  de- 
position and  consolidation  of  the  rock.  These  porphyritic 
crystals  are  usually  feldspar  and  garnet,  but  staurolite,  bio- 
tite,  and  tourmaline  also  occur.  Fibrolite  is  sparingly  pres- 
ent in  the  more  metamorphosed  phases  of  the  rock,  and  red 
garnet  and  staurolite  sometimes  become  so  abundant  as  to 
form  nearly  all  of  the  mass.  The  Berkshire  schist  in  the 
eastern  belt  is  usually  less  schistose,  and  its  planes  of  foli- 
ation are  less  sharply  folded.  It  is  also  much  more  modified 
by  injections  of  granite  and  pegmatite ;  hence  it  often  takes 
on  a  g^eissoid  appearance. 

In  the  vicinity  of  the  granite  areas  the  schist  assumes  a 
knotty  character,  and  the  pegmatite  veins  are  so  abundant 
as  to  constitute  a  marked  local  variation.  These  pegmatite 
veins,  from  a  few  inches  to  a  rod  or  more  in  width,  are  often 
visible  at  considerable  distances,  owing  to  the  white  appear- 
ance produced  by  the  large  amount  of  feldspar.  The  knots 
which  form  a  characteristic  feature  of  the  eastern  belt,  vary 
from  one-eighth  to  one-half  inch  in  diameter.  Usually 
they  contain  garnets,  and  often  the  garnet  is  a  nucleus  about 
which  knots  have  developed.  Except  for  the  garnets,  which 
are  red,  the  knots  are  generally  white  or  gray  in  color,  and 
are  sometimes  connected  with  each  other  by  threads  or  fila- 
ments of  the  same  material.  The  knots  are  usually  more  re- 
sistant than  the  mass  of  rock  in  which  they  occur,  and  for 
that  reason  give  the  surface  a  peculiarly  rough  or  cellular 
appearance.  In  addition  to  the  garnets,  these  knots  contain 
white  pyroxene  and  feldspar,  with  smaller  quantities  of 
tremolite,  sphene,  biotite,  apatite,  magnetite,  quartz,  fibro- 
lite, and  epidote.  In  the  vicinity  of  Norfolk  the  knots  are 
mainly  muscovite,  quartz,  and  fibrolite. 

Because  of  the  large  amount  of  granite  and  pegmatite 
injection  the  Berkshire  schist  may  be  readily  mistaken  for 
Becket  gneiss,  which  it  closely  resembles  in  places.  The 
gneiss,  however,  is  much  less  micaceous,  much  less  crum- 
pled, and  usually  contains  a  greater  amount  of  feldspar. 
The  relation  of  the  Berkshire  schist  to  the  rocks  above  and 
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below  is  well  made  out  in  localities  in  New  York,  Con- 
necticut, and  Massachusetts.  Certain  sections  along  the 
Central  New  England  Railway  show  that  it  is  conformable 
with  the  Stockbridge  limestone ;  that  it  is  above  the  Stock- 
bridge  is  shown  in  certain  localities  near  Salisbury,  the 
north  end  of  Barack  M'teth,  Turnip  Rock,  and  Watawanchu 
Mountain.  In  a  number  of  localities  in  and  near  New  York 
City  it  is  also  found  to  overlie  this  limestone.  The  transition 
between  the  two  is  gradual.  They  are  separated  by  a  zone 
of  calcareous  schist  and  micaceous  dolomite,  ten  to  fifty 
feet  in  thickness,  grading  into  the  limestone  below  and  the 
typical  schist  above. 

The  age  of  the  Berkshire  is  Upper  Ordovician  (Hudson). 
It  is  found  that  the  Berkshire  schists  of  New  York  City 
connect  stratigraphically  with  the  slate  and  shale  along  the 
Hudson  River  to  the  north;  and  it  is  believed  that  slate, 
shale,  and  schist  are  but  phases  of  the  same  rock.  Where 
unmetamorphosed,  it  is  typically  shale;  where  metamor- 
phosed to  a  slight  degree,  it  is  a  slate;  and  where  the 
metamorphism  has  proceeded  to  a  very  advanced  stage,  the 
rock  becomes  the  typical  Berkshire  schist,  with  all  traces 
of  its  former  structure  lost. 

Becket  Gneiss  [4] . —  Large  areas  in  western  Massachu- 
setts and  Connecticut  are  occupied  by  a  banded  gray  rock 
of  fairly  uniform  appearance  and  much  injected  by  basic 
and  acid  intrusions.  This  rock  has  been  named  Becket 
gneiss,  from  the  town  of  Becket,  Massachusetts,  where  it 
is  well  exposed  and  quarried  for  building  stone.  It  forms  a 
large  part  of  the  northern  boundary  of  the  state  in  Hart- 
land,  Colebrook,  and  Norfolk,  beginning  west  of  the  East 
Branch  of  the  Farmington  River,  and  constitutes  the  plateau 
of  western  Hartland  and  Barkhamsted,  where  it  is  traversed 
by  the  West  Branch  of  the  Farmington  River.  Its  greatest 
development  in  this  region  is  in  the  towns  of  Winchester, 
Goshen,  Sharon,  and  Cornwall.  Considerable  areas  are 
found  in  Warren,  Washington,  and  New  Milford;  and  a 
series  of  areas  extends,  with  some  interruptions,  to  Norwalk. 
Small   detached   areas   occur   elsewhere.     Farther  to   the 
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southwest,  the  rock  appears  as  the  Fordham  gneiss  on  the 
maps  of  the  New  York  City  Folio. 

Where  typically  developed,  as  at  New  Hartford,  the 
Becket  gneiss  is  light  gray  in  color,  of  firm  texture,  ancf  has 
a  uniform  banded  structure  produced  by  the  segregation  of 
biotite  along  certain  planes,  so  that  layers  composed  chiefly 
of  feldspar  and  quartz  alternate  with  those  rich  in  biotite. 
These  bands  are  usually  less  than  an  inch  in  width,  and 
show  great  variation  in  tones  of  gray,  depending  on  the 
abundance  and  character  of  the  mica  present.  In  places  the 
gneiss  is  highly  quartzose  and  granular;  elsewhere,  as  in 
parts  of  West  Hartland,  the  gneissoid  structure  is  so  poorly 
developed  that  the  rock  might  be  called  a  granite,  composed 
of  feldspar,  quartz,  muscovite,  biotite,  and  garnet.  Where 
the  gneissoid  bands  are  very  thin,  the  rock  grades  into  a 
feldspathic  schist,  and  in  places  is  scarcely  distinguishable 
from  parts  of  the  Hoosac  formation.  Microscopic  exami- 
nation shows  the  Becket  gneiss  to  be  composed  of  feldspar, 
quartz,  and  biotite,  with  smaller  amounts  of  garnet,  titanite, 
apatite,  magnetite,  and  zircon.  Muscovite  is  present  in 
small  amounts,  and  in  some  localities  becomes  an  important 
constituent.  Hornblende  rarely  occurs.  The  most  abundant 
feldspar  is  microcline,  but  orthoclase  is  common,  and  there 
is  also  present  a  plagioclase  which  is  usually  albite. 

Considered  as  a  formation,  the  Becket  does  not  appear 
as  the  uniform  gray,  banded  rock  described  above,  for  it  in- 
cludes many  schistose  phases  and  also  the  ancient  intrusions 
which  have  had  the  gneissoid  structure  developed  in  them 
by  metamorphism.  Thin  granitoid  layers,  sometimes  almost 
white  from  the  absence  of  biotite,  are  interbedded  with  the 
gneiss,  while  layers  of  hornblendic  gneiss  and  schist  fre- 
quently occur.  These  parallel,  interbedded  layers,  granitic, 
micaceous,  and  hornblendic,  vary  in  width  from  a  few  inches 
to  over  one  hundred  feet,  and,  at  irregular  intervals,  are  in- 
tercalated with  the  more  typical  portions  of  the  Becket, 
usually  constituting  elongated  lenses  rather  than  definite 
beds  of  great  length.  Included  within  this  formation  are 
many  quartz  veins,  and  also  veins  of  pegmatite  composed 
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of  coarsely  crystalline  feldspar,  quartz,  biotite,  and  musco- 
vite  in  variable  proportions.  Rarely  magnetite,  beryl,  and 
tourmaline  are  found  in  them.  These  pegmatite  bands  oc- 
cur parallel  with  the  main  direction  of  the  schistosity  of  the 
gneiss,  or  cut  across  the  beds  at  various  angles.  They  are 
seldom  over  25  feet  in  width,  and  do  not  usually  extend 
continuously  for  more  than  a  few  hundred  feet.  In  a  few 
places  the  Becket  gneiss  includes  a  coarse  granite-gneiss 
with  a  prominent  red  feldspar.  Such  areas  are  found  upon 
Cream  Hill  in  Cornwall  and  on  the  slope  to  the  west  of 
Cornwall  Bridge.  Smaller  areas  are  found  north  of  Tor- 
rington,  near  Daytonville,  and  in  New  Hartford. 

It  is  not  possible  to  state  definitely  the  age,  the  thickness, 
or  the  original  nature  of  the  Becket  gneiss.  It  is  probably 
the  oldest  formation  in  the  region,  since  it  is  cut  by  all  the 
intrusions,  and  has  been  shown  by  Emerson  to  underlie  un- 
conformably  the  Hoosac  (Hartland)  schist.  It  is  ascribed 
with  some  hesitancy  to  pre-Cambrian  time.  There  are 
no  criteria  for  determining  the  original  thickness  of  the 
Becket  gneiss.  It  contains  no  characteristic  beds  which  may 
be  used  as  standards  of  reference.  Its  original  thickness 
has  doubtless  been  increased  and  repeated  many  fold  by 
folding  and  compression,  and  there  is  evidence  that  a  large 
but  unknown  amount  of  faulting  has  further  modified  the 
initial  thickness.  The  former  nature  of  the  beds  is  equally 
uncertain.  It  seems  probable  that  they  represent  an  area 
of  granite  which  has  been  injected  by  various  igneous 
masses  at  different  times  and  subjected  to  intense  metamor- 
phism  while  yet  deeply  buried  within  the  earth.  On  this 
hypothesis  the  more  granitoid  phases  are  most  like  the 
original  rock,  and  the  schistose  varieties  are  most  metamor- 
phosed. The  hornblendic  and  granitic  beds  were  intruded 
before  or  during  the  chief  metamorphic  movement,  and  owe 
their  position  and  alignment  to  the  forces  that  produced  the 
main  foliation.  Veins  of  quartz  and  pegmatite  were 
intruded  after  most  of  the  metamorphism  had  taken 
place,  and  certain  intrusions  indicate  even  a  later  stage  of 
igneous  activity. 
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Whether  the  rock  now  represented  by  the  Becket  gneiss 
was  formerly  igneous  or  sedimentary,  its  original  attitude 
and  texture  have  been  destroyed  by  movements  in  the 
earth's  crust.  The  number  and  sequence  of  these  move- 
ments is  unknown,  but  sufficient  deformation  has  taken 
place  to  produce  throughout  the  entire  formation  a  distinct 
foliation  which  is  seen  in  the  field  as  well  as  in  hand 
specimens.  The  microscope  shows  that  the  quartz  and 
mica  have  identical  orientation,  thus  producing  parting 
planes ;  also  that  the  crystals  composing  the  rock  are  often 
crushed  and  broken  into  lines,  and  that  other  structures 
characteristic  of  metamorphic  rocks  are  present.  Most  of 
the  rocks  intruded  into  the  Becket  have  likewise  had  their 
identity  destroyed  by  general  metamorphism.  The  diorites 
and  g^bbros  have  become  hornblende  schist  or  impure  soap- 
stone  and  asbestus,  and  only  rarely,  as  at  New  Hartford 
railroad  station,  does  an  amphibolite  show  clearly  its  dike- 
like habit.  The  forces  which  produced  the  compression  in 
this  area  acted  principally  from  the  southeast,  thus  causing 
planes  of  schistosity  which  extend  in  a  northeast  direction, 
and  which  are  usually  so  steeply  inclined  that  only  the' 
edges  of  the  layers  are  exposed  to  view. 

Hartland  (Hoosac)  Schist  [s].— The  Hartland  (Hoosac) 
schist  in  Connecticut  is  the  southern  continuation  of  large 
areas  of  rock  on  Hoosac  Mountain  and  in  adjacent  regions 
of  Massachusetts.  Where  it  enters  the  state,  it  is  a  belt  of 
schist  six  miles  wide,  forming  a  plateau  between  the  Farm- 
ington  River  and  the  western  border  of  the  Triassic,  in 
Hartland,  Barkhamsted,  Granby,  and  Canton.  South  of  the 
Farmington  River  it  includes  Satan's  Kingdom  and  other 
highlands  in  New  Hartford  and  Burlington,  extends  in 
elevated  ridges  and  hills  to  Plymouth,  and  forms  the  Wol- 
cott  plateau.  This  formation  continues  southwestward  as  a 
narrow  ridge,  through  Prospect,  Bethany,  Beacon  Falls.  Nau- 
gatuck,  Oxford,  and  Seymour.  It  forms  Beacon  Hill,  An- 
drews Hill,  Huntington  Hill,  and  the  highlands  west  of 
Seymour  village.  A  second  area  extends  almost  uninter- 
ruptedly as  a  belt  three  to  six  miles  wide  from  near  East 
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Litchfield  to  beyond  Hawleyville.  It  forms  the  bed  rock 
over  large  parts  of  Litchfield,  Bethlehem,  Washington,  Rox- 
bury,  Southbury,  and  Bridgewater.  The  rock  is  everywhere 
mica  schist  of  definable  character,  but  exhibits  great  vari- 
ation in  texture,  composition,  and  field  appearance.  Its  as- 
pect has  been  rendered  still  more  complicated  by  the  in- 
trusion of  igneous  rock  on  a  large  and  a  small  scale.  Where 
least  affected  by  intrusion,  the  rock  appears  as  a  highly 
fissile  schist.  The  planes  of  schistosity  are  determined  by 
plates  of  muscovite  and  biotite  in  overlapping  crystals  or 
irregular  intergrowth.  The  mica  varies  in  size  from  flakes 
an  inch  or  more  in  diameter  to  minute  films  or  threads 
visible  only  under  the  microscope.  In  color  it  ranges  from 
clear  metallic  muscovite  in  West  Granby,  to  a  black  biotite 
mixed  with  graphite  farther  to  the  south.  Sericite  and 
chlorite  often  replace  biotite.  Garnets  are  almost  constantly 
present,  and  locally  occur  in  such  quantities  as  to  be  of  com- 
mercial value.  Garnet  crystals  of  the  size  of  walnuts  are 
occasionally  observed  in  Roxbury  and  Washington.  The 
local  development  of  unusual  quantities  of  this  mineral  in 
large  crystals  is  believed  to  be  due  to  local  deformation 
along  special  structural  lines.  Staurolite  crystals  from  an 
inch  to  two  inches  in  length  are  also  locally  developed. 
Cyanite  is  scattered  sparingly  throughout  the  entire  extent 
of  the  schist,  and  in  places  becomes  the  chief  constituent  of 
the  rock.  Next  to  mica  and  garnet,  cyanite  is  the  leading 
metamorphic  mineral  in  the  Hartland  (Hoosac)  schist,  and 
occasionally  occurs  in  Litchfield,  New  Hartford,  and  Bark- 
hamsted,  in  crystals  from  two  to  three  inches  long.  In 
places  the  porphyritic  structure  is  developed,  and  large  crys- 
tals of  feldspar  ate  closely  wrapped  about  with  films  of 
mica.  As  may  be  seen  in  the  railroad  cut  at  Satan's  King- 
dom, the  Hartland  (Hoosac)  schist  is  almost  never  free 
from  quartzose  and  feldspathic  impregnation,  but  its  amount 
and  character  vary  widely.  Such  impregnation  may  be 
caused  by  granitic  injection,  in  which  case  the  rock  closely 
resembles  a  biotite  gneiss.  The  granite  may  occur  along  the 
plains  of  foliation,  as  bands  and  If nses  from  a  few  inches  to 
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one  hundred  feet  in  length.  Basic  intrusions  are  found 
throughout  the  schist,  and  in  places,  as  in  southeast  Wolcott, 
form  prominent  beds  over  wide  areas.  Amphibolite  is  the 
common  dark  colored  intrusive,  and  has  the  gneissoid  and 
schistose  characters  of  similar  intrusions  in  the  Becket 
gneiss.  Pyroxene  schists  and  eclogite  schists  also  occur 
as  lenses,  layers,  and  areas  of  irregular  shape.  Gran- 
ites, usually  with  pink  feldspar,  and  pegmatites,  and 
rarely  quartz  veins,  are  the  latest  intrusions  in  the 
Hartland,  and  are  arranged  either  parallel  to  the 
planes  of  foliation  or  cutting  across  them.  Part,  at 
least,  of  the  pegmatites  are  later  than  the  metamorphic 
structures.  The  aggregate  number  of  the  later  granitic 
and  pegmatitic  intrusions  is  very  large.  In  the  railroad  cut 
on  the  south  side  of  the  gorge  at  Satan's  Kingdom,  where 
the  rock  wall  is  exposed  for  1,700  feet,  there  are  seven  gran- 
itic layers  with  a  combined  width  of  860  feet,  besides  several 
smaller  seams.  The  granitic  and  pegmatitic  intrusions  are 
so  numerous  and  of  so  small  size  that  no  attempt  has  been 
made  to  map  them  individually.  One  marked  feature  of  the 
granitic  and  pegmatitic  intrusions  is  the  increase  in  the 
amount  of  cyanite,  staurolite,  and  garnet  near  them.  Oc- 
casionally there  are  nests  and  stringers  of  beautiful  cyanite 
crystals  within  the  pegmatite  itself. 

No  fossils  have  been  found  in  the  Hartland  (Hoosac) 
schist,  and  there  is  much  uncertainty  regarding  its  strati- 
graphic  position.  Whatever  evidence  exists  on  this  point 
comes  from  a  study  of  areas  west  and  north  of  the  state. 
Professors  Emerson  and  Wolff  conclude  that  the  Hoosac 
schist  is  equivalent  to  the  Berkshire  schist  of  western  Mas- 
sachusetts, and  this  in  turn  has  been  shown  to  be  equivalent 
to  the  Hudson  schist  of  New  York ;  that  is,  of  Upper  Ordo- 
vician  age.  It  is,  however,  entirely  possible  that  the  Hart- 
land is  a  later  formation  than  the  Hudson  schist,  and  it  is 
perhaps  of  Silurian  age.  Until  fossils  are  found,  or  reliable 
criteria  are  discovered  which  suffice  to  show  the  relative 
order  of  superposition,  the  place  of  the  Hartland  schist  in 
the  geological  column  can  not  be  determined. 
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It  is  probable  that  the  Hartland  (Hoosac)  schist  was 
originally  a  series  of  sedimentary  beds,  largely  argilla- 
ceous sandstones  and  shales,  with  occasional  calcareous 
and  highly  silicious  strata,  perhaps  like  the  sedimen- 
taries  of  the  Triassic  areas.  The  great  variety  now 
exhibited  in  the  schists  is  partly  due  to  variation 
in  the  original  sediments,  and  partly  to  the  unequal 
amount  of  metamorphism  and  injection  that  has  taken 
place  as  a  result  of  pressure,  heat,  etc.  The  changes  pro- 
duced in  this  formation  by  metamorphism  since  deposition 
are  very  great  The  quartz  and  calcite  have  beeh  recrystal- 
lized,  and  some  of  the  limestone  has  been  further  changed 
to  hornblende  schist.  Much  of  the  feldspar  has  been  broken 
up  into  feldspar,  quartz,  and  mica;  and  many  secondary 
feldspar  crystals  have  been  formed  and  afterwards  flattened 
and  elongated.  The  argillaceous  beds  have  been  altered 
chiefly  by  growth  of  new  mica,  and  this  has  progressed  so 
far  that  schists  are  much  more  common  than  rocks  with 
flaggy  or  slaty  structure.  Schistosity  has  been  produced  by 
a  flattening  of  all  crystals,  and  by  the  production  of  new 
flat  minerals,  especially  biotite,  muscovite,  sericite,  chlorite, 
and  cyanite,  arranged  parallel  with  each  other,  thus  pro- 
ducing planes  of  easy  parting.  The  micas  are  often  wrapped 
around  larger  crystals  of  feldspar,  quartz,  and  garnet. 
Metamorphism  has  progressed  so  far  that  all  the  original 
structures  have  been  destroyed  and  new  ones  developed. 
The  schist  beds  show  great  profusion  of  complicated  folds 
and  crumplings*  and  minor  faults  which  have  no  fixed 
relation  to  the  original  planes  of  sedimentation. 

The  Hartland  (Hoosac)  schist  is  a  resistant  rock  and 
weathers  slowly  because  of  the  relatively  small  amount  of 
feldspar.  Where  the  disintegration  has  proceeded  far  there 
remains  a  soil  composed  chiefly  of  mica  and  quartz  grains. 
The  planes  of  schistosity  usually  dip  at  high  angles,  so  that 
a  surface  exposure  exhibits  only  the  edges  of  the  schist 
planes,  and  a  railroad  or  river  section  shows  the  layers  to 
stand  nearly  on  end.     It  is  not  possible  to  determine  the 
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thickness  of  the  schist  even  approximately,  for  there  is  no 
way  to  ascertain  the  amount  df  increase  due  to  the  repetition 
of  beds  by  crumpling  and  faulting.  This  formation  has  been 
cut  off  by  a  fault  on  the  east,  while  much  has  been  removed 
by  erosion  on  the  west. 

Waterbury  Gneiss  [6]  is  not  a  distinct  geological  form- 
ation, but  a  complex  of  schists,  which  have  been  intricately 
injected  with  granite  and  pegmatite  and  occasionally  amphib- 
olite,  in  endless  variety,  without  regular  arrangement.  It 
is  believed  that  the  areas  marked  Waterbury  gneiss  in  the 
towns  of  Naugatuck,  Waterbury,  Torrington,  Middlebury, 
and  elsewhere,  were  originally  Hartland  (Hoosac)  schist, 
and  that  granitic  intrusions  and  quartz  veins  have  impreg- 
nated them  to  such  an  extent  that  their  original  condition 
is  almost  entirely  concealed. 

Milford  Chlorite  Schist  [7]. —  With  the  exception  of 
a  small  area  about  Woodmont,  the  Milford  chlorite  schist 
occupies  the  shore  line  from  Stratford  to  West  Haven,  as 
a  belt  rarely  over  two  miles  in  width.  It  forms  a  narrow 
band  adjoining  the  Triassic  in  the  town  of  Orange,  and  dies 
out  in  the  Woodbridge  Hills  west  of  Dawson  Lake.  The 
prevailing  rock  is  a  greenish  chlorite  schist,  varying  in  thick- 
ness and  hardness.  In  places  it  is  evenly  foliated,  elsewhere 
highly  contorted,  and  presents  on  surface  exposures  a  series 
of  broken  anticlines  and  synclines.  Quartz  is  an  important 
constituent  of  the  formation,  and  occurs  in  seams,  lenses, 
and  veins ;  it  is  also  distributed  in  minute  particles  through- 
out the  schist.  Small  bands  of  impure  serpentine  are  found 
in  it  at  several  localities.  In  places  the  rock  is  massive,  with 
the  schistose  structure  hardly  at  all  developed.  Where  it 
assumes  this  character  it  consists  largely  of  hornblende  and 
feldspar  and  constitutes  the  labradioryte  of  Dana.  Occasion- 
ally this  more  massive  variety  is  porphyritic  from  the  pres- 
ence of  crystals  of  labradorite.  In  the  vicinity  of  the  Maltby 
Lakes  a  typical  schistose  rock  occurs,  and  with  it  a  cbnsider- 
able  amount  of  impure  serpentine  —  a  dark  colored  rock, 
clouded  and  banded  with  patches  of  green,  yellowish  white, 
and  black.     From  a  quarry  formerly  located  at  this  place 
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large  slabs  were  obtained  and  polished,  specimens  of  which 
may  be  seen  in  the  geological  collections  in  Yale  University. 
A  similar  quarry  of  "  verd-antique  marble,"  discovered  two 
miles  east  of  Milford  in  1811,  was  worked  for  a  short  time. 
This  "  marble  "  differs  in  appearance  from  the  Maltby  Lake 
rock  in  being  bluish,  rather  than  yellowish  green.  In  the 
quartz  veins  associated  with  the  chlorite  schist  crystals  of 
chalcopyrite  have  been  found.  The  Milford  chlorite  schist 
is  believed  to  have  been  originally  a  diorite  or  similar  basic 
igneous  rock  with  intrusions  in  the  form  of  dikes.  The  en- 
tire mass  was  afterwards  much  metamorphosed,  drawn  out 
into  lines,  and  a  definite  schistose  structure  given  to  it. 

Orange  Phyllite  [8] . —  The  Orange  phyllite  extends  from 
Stratford  to  the  east  line  of  Bethany,  forming  the  banks  of 
the  Housatonic  River  from  near  Derby  to  the  Sound.  In 
Orange  and  Woodbridge  the  formation  attains  a  width  of 
abolit  six  miles,  and  it  dies  out  in  the  trap  ridges  near  the 
southern  line  of  Prospect.  A  small  area  occurs  along  the 
shore  at  Woodmont.  The  rock  is  a  slate  or  phyllite,  highly 
fissile,  sericitic,  and  usually  dotted  with  minute  garnets. 
Toward  the  west  it  is  much  more  micaceous,  in  places  ap- 
proaching mica  schist  in  texture,  and  is  also  frequently 
feldspathic.  The  latter  feature  is  so  prominent  in  certain 
localities  that  the  rock  might  well  constitute  a  separate 
formation.  This  micaceous  phase  of  the  otherwise  argilla- 
ceous phyllite  forms  a  belt  between  the  typical  argillaceous 
rock  and  the  Prospect  gneiss,  and  is  believed  to  be  a  contact 
zone  in  which  the  phyllite  has  been  modified  by  injection  of 
the  igneous  mass.  In  structure  the  Orange  phyllite  is  com- 
monly minutely  folded  and  contorted,  and  is  so  traversed 
by  joints  that  it  breaks  readily  into  small  polygonal  frag- 
ments. Generally  it  readily  decomposes  and  forms  a  dark 
clayey  loam.  Quartz  veins  occur  frequently ;  and  large  and 
small  chunks,  lenses,  and  fragments  of  quartz  are  almost 
universally  found  in  the  formation. 

Beds  of  impure  limestone  or  marble  are  interstratified 
with  the  more  argillaceous  beds  in  a  number  of  places.  An 
abandoned  lime-kiln  is  located  on  Sargent's  River,  north  of 
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Westville,  where  the  calcareous  rock  stands  at  a  high  angle 
between  layers  of  phyllite  (hydromica  schist  of  Dana). 
Minute  cubes  of  pyrite  and  much  mica  in  fine  scales  are 
found  associated  with  calcite.  The  presence  of  pyrite  to- 
gether with  calcite  is  favorable  for  rapid  weathering,  and  the 
ledges  are  covered  with  a  thick  brown  crust  The  impurities 
in  the  limestone,  especially  the  mica,  render  it  unfit  for  the 
production  of  lime,  and  the  quarry  was  therefore  abandoned. 
Orange  phyllite  is  believed  to  have  been  originally  a  shale, 
more  or  less  calcareous.  It  has  since  been  metamorphosed, 
but  not  to  such  an  extent  as  to  be  converted  into  mica  schist. 

Prospect  Porphyritic  Gneiss  [9]. —  The  Prospect  gneiss 
occupies  a  triangular  area  in  the  towns  of  Prospect,  Chesh- 
ire, and  Southing^on,  limited  eastward  by  the  Triassic  strata, 
and  extending  south  as  a  belt  of  varyingwidth  through  Derby, 
Huntington,  and  Stratford.  The  rock  is  well  exposed  along 
the  line  of  the  Middletown  andWaterbury  railway,  near  Fros- 
pect  and  Summit  stations.  Here  its  characteristics  are  well 
developed,  and  from  this  region  have  doubtless  come  many 
of  the  bowlders  of  "  mosaic  "  gneiss  distributed  over  the 
region  between  Cheshire  and  Bridgeport.  Typical  out- 
crops also  occur  along  the  Housatonic  River  at  Shelton. 

The  formation  consists  of  a  light  gray  porphyritic  gneiss. 
The  g^eissoid  appearance  is  produced  by  bands  of  granular 
quartz  and  feldspar  interbedded  with  layers  composed 
chiefly  of  biotite.  Muscovite,  garnet,  chlorite,  zircon,  and 
titanite  occur  with  the  more  abundant  constituents.  Within 
the  ground-mass  formed  of  these  minerals  there  are  set 
larger  crystals  of  feldspar,  mostly  orthoclase,  white  or  pink 
in  color,  thus  giving  the  gneiss  a  porphyritic  structure. 
These  phenocrysts  vary  from  one-sixteenth  of  an  inch  to 
three  inches  in  their  longest  diameter,  are  quite  fresh  and 
regular,  and  in  nearly  all  cases  show  twinning  structure. 
Besides  the  typical  coarse  porphyritic  gneiss,  there  occur 
in  this  formation  small  areas  of  porphyritic  granite  with  in- 
conspicuous g^eissoid  development,  and  narrow  bands  of 
mica  schist  distributed  unevenly  and  not  attaining  the  prom- 
inence which  these  beds  have  in  the  Becket  gneiss.    Pegma- 
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tite  is  found  but  rarely.  At  its  extreme  northern  limit  the 
Prospect  gneiss  is  prevailingly  less  porphyritic  and  mor^ 
quartzose,  and  contains  areas  of  intrusive  basic  rocks. 

This  formation  is  believed  to  have  been  originally  a 
mass  of  porphyritic  granite  intruded  into  the  Hartland 
(Hoosac)  schist.  No  contacts  are  visible,  however,  and  di- 
rect proof  of  the  date  and  nature  of  the  intrusion  is  not  at 
hand.  Metamorphic  processes  have  converted  the  rock  into  a 
gneiss  with  planes  of  schistosity  whose  strike  averages  about 
N,25^E.  The  marked  characters  of  the  original  rock  were 
such  that  the  changes  induced  by  folding  and  metamorphic 
action  are  readily  traced.  The  phenocrysts  of  orthoclase 
were  originally  set  at  various  angles  in  a  granite  ground- 
mass.  Some  of  these  were  so  oriented  as  to  resist  effectively 
the  metamorphic  forces,  and  consequently  they  remain  in 
their  original  condition,  with  the  exception  that  they  are 
somewhat  flattened,  crushed  at  the  ends,  and  converted  into 
microcline.  The  phenocrysts  less  favorably  situated  have 
been  squeezed,  broken,  and  rotated  into  parallelism 
with  the  planes  of  schistosity.  In  many  instances 
the  original  crystal  is  represented  by  lenses  and  eyes 
of  granular  feldspar  and  quartz,  and  in  extreme 
cases  all  traces  of  the  crystal  are  lost  in  the  general  gneis- 
soid  structure  of  the  ground-mass.  Besides  the  granular 
bands  produced  by  metamorphism  of  the  quartz  and  feld- 
spar of  the  original  rock,  much  new  biotite  and  garnet  have 
been  formed,  and,  in  less  amounts,  the  other  minerals  men- 
tioned above.  The  mica  is  seen  to  wrap  about  the  feldspar 
phenocrysts  and  to  be  closely  adjusted  to  it.  Because  of  the 
unequal  amount  of  metamorphism  the  Prospect  gneiss  varies 
from  porphyritic  granite,  through  gneiss  containing  flat- 
tened nodules,  to  a  rock  in  which  so  great  crushing  and  re- 
arrangement have  taken  place  that  it  has  become  a  feld- 
spathic  mica'  schist. 

Prospect  gneiss  is  not  porphyritic  throughout  its  whole 
extent.  Its  western  extension  assumes  a  typical  granitic 
texture,  and  in  places  its  gneissoid  structure  is  not  well  de- 
veloped.   In  fact,  the  differences  between  this  gneiss  and  the 
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Danbury  granodiorite-gneiss  are  not  always  evident,  and 
it  may  be  that  the  two  formations  are  parts  of  one  granitic 
intrusion. 

Bristol  Granite-gneiss  [lo]. —  This  formation  occupies 
an  area  of  about  fifteen  square  miles,  mostly  in  the  town  of 
Bristol,  from  which  it  derives  its  name.  Topographically 
it  forms  a  basin  surrounded  by  a  rim  of  Hartland  (Hoosac) 
schist,  and  seems  to  owe  its  relatively  rapid  erosion  to  the 
presence  of  iron  compounds  and  a  great  amount  of  feldspar 
as  compared  with  the  schists.  The  formation  consists  of  gran- 
ite of  varying  texture  and  color,  of  gneisses  and  schists  de- 
rived from  the  granite,  and  of  hornblende  gneiss  and  horn- 
blende schist.  Pegmatite  in  veins  and  lenses  of  considerable 
size  occurs  in  the  eastern  part  of  the  city  of  Bristol. 

The  typical  Bristol  granite-gneiss  is  light  gray,  with 
gneissoid  structure  more  or  less  developed  by  the  presence 
of  layers  of  biotite ;  the  more  schistose  layers  have  musco- 
vite.  Quartz,  orthoclase,  some  oligoclase,  andesine,  and  bio- 
tite are  the  chief  components  of  the  rock.  Garnet  is  nearly 
always  present,  and  in  places  rises  to  the  rank  of  a  prin- 
cipal mineral.  Chlorite,  zircon,  hornblende,  also  muscovite 
in  the  more  schistose  layers,  are  present  as  accessory  miner- 
als. Chalcopyrite  is  scattered  through  the  rock,  and  is  accu- 
mulated in  little  bunches  of  crystals.  It  is  probable  that  the 
copper  minerals  are  from  the  same  source  as  the  copper 
found  in  small  amounts  along  the  western  border  of  the  Tri- 
assic,  and  formerly  mined  at  a  point  three  miles  northeast  of 
Bristol. 

A  noticeable  feature  of  the  granite-gneiss  is  the  presence 
of  rounded  and  lens-shaped  eyes,  made  up  of  a  zone  of  white, 
granular  quartz-feldspar  aggregate,  inside  which  is  a  dark 
spot  composed  largely  of  garnet  and  chlorite.  The  iron 
compounds  have  gone  into  the  centers  by  segregation. 
These  eyes  are  from  one-sixteenth  of  an  inch  to  two  inches 
in  diameter,  but  within  the  granite  are  areas,  ten  to  thirty 
feet  in  diameter,  of  black  rock  composed  of  hornblende, 
chlorite,  and  garnet,  which  may  have  had  the  same  origin 
as  the  smaller  spots.    These  larger  chunks  were  evidently 
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formed  before  regional  metamorphism  took  place,  for  the 
minerals  of  the  gneiss  have  adjusted  themselves  to  them  by 
bending  and  shearing. 

The  heavy  cover  of  drift  and  the  prevalent  metamor- 
phism make  it  difficult  to  determine  the  range  of  variation 
within  the  rock  and  its  relation  to  the  Hartland  (Hoosac) 
schist.  The  formation  is  believed  to  be  intrusive,  as  indi- 
cated by  the  fact  that  the  schist  dips  away  from  the  granite 
and  seems  to  be  controlled  by  it  in  its  metamorphism.  Parts 
of  the  granite-gneiss  are  traced  with  some  uncertainty  into 
the  schists.  The  latter  near  the  contact  are  highly  meta- 
morphosed into  filmy  sericitic  varieties,  and  contain  an 
abundance  of  mica  and  tourmaline ;  the  granite  shows  local 
variations  into  hornblende  gneiss,  occasionally  containing 
epidote,  all  along  the  east  and  southwest  border.  Aplites 
and  tourmaline-bearing  pegmatites  also  occur  near  the  bor- 
der. The  Bristol  granite-gneiss  is  believed  to  have  been  an 
intruded  mass  within  which  ba3ic  areas  formed  by  segre- 
gation, especially  about  the  edges.  The  surrounding  sedi- 
mentary rock  suffered  contact  metamorphism;  at  a  later 
period  granite  and  sediments  alike  were  affected  by  regional 
metamorphism  produced  by  a  series  of  earth  movements. 
The  granite  suffered  great  changes  during  the  metamor- 
phism of  the  rock.  Quartz  was  broken  and  recemented; 
feldspar  developed  into  new  crystals  of  feldspar,  mica,  and 
quartz ;  biotite  and  hornblende  changed  in  part  into  chlorite. 
These  minerals  crystallized  parallel  to  the  planes  of  differ- 
ential movement,  thus  producing  schists  and  gneisses  which 
vary  in  amount  of  schistosity  from  almost  unaltered  granite 
to  extremely  finely  divided  schists  bearing  little  resemblance 
to  the  original  rock. 

CoUinsville  Granite-gneiss  [ii]. —  Within  the  towns  of 
Avon  and  Canton  is  an  area  of  granite-gneiss.  It  forms  the 
flattened  ridge  between  the  Farmington  River  and  Roaring 
Brook,  and  also  the  prominent  peak  of  Mt.  Horr  north  of 
Canton  station.  At  CoUinsville  this  formation  is  particu- 
larly well  exposed,  and  has  received  its  name  from  that 
village.    As  seen  in  the  ledge  the  rock  exhibits  usually  a 
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banded  gneissic  structure,  but  it  is  unevenly  and  irregularly 
developed.  Two  types  appear  intermingled  without  order : — 
a  light  gray,  heavy-bedded  rock,  grading  into  massive  gran- 
ite ;  and  a  very  dark  gray  to  black  variety  which  grades  by 
imperceptible  stages  into  even-banded  hornblende  gneiss 
and  rarely  into  schistose  phases.  The  light  colored  va- 
riety is  finely  crystalline,  and,  where  it  is  distinctly  banded, 
shows  black  lines  of  biotite  running  through  the  rock,  as  well 
as  patches  arranged  along  planes  of  schistosity  or  evenly 
distributed  through  the  mass.  Where  minutely  injected, 
the  rock  appears  coarsely  crystalline,  often  with  pink  feld- 
spars. It  consists  of  feldspar,  largely  orthoclase  but  with 
some  microcline  and  oligoclase,  quartz  in  irregular  grains, 
biotite  in  shreds  or  groups  of  plates  sometimes  radially  ar- 
ranged. Besides  these  essential  constituents,  hornblende 
and  garnet  and  muscovite  are  usually  present  in  small 
amount,  and  zircon,  titanite,  and  magnetite  have  been  ob- 
served. Chlorite  occurs  in  the  more  schistose  forms.  The 
darker  varieties  of  gneiss  are  produced  by  the  greater  de- 
velopment of  biotite  in  bands  and  patches,  and  the  rock 
splits  readily  into  even  slabs  from  one  inch  to  ten  inches 
thick. 

The  areas  of  hornblendic  gneiss  vary  in  size  from  mere 
bands  and  lenses  to  masses  several  hundred  feet  in  diameter. 
The  schistosity  is  well  developed,  and  the  faces  of  layers 
show  mats  made  of  intertwined  hornblende  and  biotite.  The 
rock  consists  essentially  of  hornblende  with  some  quartz  and 
feldspar.  Epidote,  garnet,  biotite,  zoisite,  and  chlorite  occur 
in  greater  or  less  abundance  in  nearly  all  the  hornblende 
rocks.  Magnetite  and  augite  have  also  been  observed. 
Some  of  the  hornblende  rocks  near  the  border  are  abund- 
antly garnetiferous. 

Dikes  and  veins  of  fine-grained  granite  and  coarser  peg- 
matite occur  in  the  CoUinsville  granite-gneiss.  These  vary 
in  width  from  one-sixteenth  of  an  inch  to  a  hundred  feet,  and 
in  places  are  abundant.  In  CoUinsville,  near  the  Central  New 
England  station,  six  such  dikes  may  be  seen  in  an  outcrop  250 
f^et  long.    Some  of  these  pegmatites  and  some  quartz  seams 
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follow  the  schistose  structure  in  its  minutest  folds ;  but  for 
the  most  part  the  pegmatite  and  granite  intrusions  are 
clearly  younger  than  the  gneiss,  for  they  cut  across  it  at 
various  angles  and  send  off  stringers  and  dikes  into  the  sur- 
rounding rock.  These  granitic  intrusions  are  made  up  of 
feldspar,  quartz,  and  biotite,  with  some  rutile,  less  musco- 
vite  and  chlorite,  and  smaller  amounts  of  garnet  and  mag- 
netite. 

The  CoUinsville  granite-gneiss  is  believed  to  be  a  masa 
intruded  in  the  Hartland  (Hoosac)  schist,  and  to  have  gone 
through  about  the  same  changes  as  have  been  already  ex- 
plained for  the  Bristol  granite-gneiss.  The  contact  has  not 
been  observed;  and,  even  if  exposed,  it  would  scarcely  be 
recognizable,  owing  to  the  minor  intrusions  and  the  meta- 
morphism.  The  exposures  in  the  Farmington  River  at 
Unionville  show  schist  wrapping  closely  around  gneissoid 
granite,  with  marked  differences  in  attitude  and  compo- 
sition; and  in  general  the  schist  is  seen  to  have  adjusted 
itself  to  the  granite  and  to  dip  away  from  it.  Somewhat 
greater  metamorphism  of  the  Hartland  (Hoosac)  is  noticed 
near  the  bor4er  of  the  granite.  Much  folding  and  minor 
faulting  has  taken  place  in  the  granite-gneiss,  and  buckling 
and  crumpling  are  observed,  particularly  along  the  Farm- 
ington River.  The  axes  of  the  larger  folds  dip  under  the 
schist.  Metamorphism  has  produced  gneissoid  structure 
in  the  granite  by  rearrangement  of  the  original  miner- 
als and  by  the  production  of  much  new  biotite.  The 
more  dioritic  facies  of  the  original  rock  is  represented 
now  by  hornblende  gneiss,  and  more  intense  metamorphism 
in  parts  has  produced  schists  from  these  two  types.  Most 
of  the  original  structure  has  been  destroyed.  Hornblende 
and  plagioclase  are  so  abundant  in  parts  of  the  CoUinsville 
g^anite-g^eiss  that  the  whole  formation  might  be  called  a 
g^anodiorite-gneiss. 

Brookfield  Diorite  [12]. —  An  area  of  diorite  extends 
from  near  New  Milford  southward  to  Brookfield  Center 
with  a  length  of  about  eight  miles  and  a  width  of  one  mile. 
At  Hawleyvi}le  occurs  another  area  of  irregular  outline,  and 
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a  still  larger  area  is  found  in  Litchfield  and  Morris,  north- 
west of  Bantam  Lake.  Outcrops  of  amphibolite  may  be  in- 
cluded in  the  Brookfield,  as  the  two  are  difficult  to  dis- 
tinguish in  the  field. 

The  diorite  is  usually  massive,  but  shows  also  gneissoid 
and  even  schistose  phases.  Both  light  and  dark  types  are 
present  in  this  formation,  the  former  containing  much 
quartz,  and  in  extreme  cases  containing  no  dark  mineral  ex- 
cept biotite.  The  darker  variety  shows  an  almost  complete 
absence  of  quartz  and  the  presence  of  dark  hornblende  or  a 
mixture  of  hornblende  and  biotite.  Phenocrysts  of  feldspar 
assume  a  prominent  role  in  the  darker  rocks,  giving  a  por- 
phyritic  appearance. 

While  the  rock  in  general  resembles  in  appearance  a 
porphyritic  granite,  schistosity  has  been  developed,  espec- 
ially around  the  borders  of  the  mass,  and  injection  has  pro- 
duced a  banded  eflfect,  generally  accompanied  by  the  pro- 
duction of  new  minerals,  especially  sericite,  garnet,  and  stau- 
rolite. 

The  Brookfield  diorite  is  an  igneous  mass  intruded  into 
the  quartzite  and  schists  of  this  region,  as  is  shown  by  the 
facts  that  the  Poughquag  quartzite  has  been  intricately  in- 
jected, and  that  fragments  of  the  surrounding  gneiss  are 
found  included  in  the  diorite. 

Danbury  Granodiorite-gneiss'*'  [13]. — This  rock  has  an 
extensive  development  in  western  Connecticut.  The  larg- 
est area  extends  from  near  Birmingham  to  Bethel,  and  from 
Sandy  Hook  nearly  to  Easton.  Belts  extend  through  New 
Fairfield,  Weston,  Westport,  and  Fairfield,  and  along  the 
coast  line  for  most  of  the  distance  between  Darien 
and  the  New  York  boundary.  Still  other  small  areas  occur 
as  shown  on  the  geological  map. 

The  rock  presents  two  important  f acies  —  a  biotite  gran- 
ite, and  a  diorite  in  which  hornblende  becomes  an  important 
constituent  and  quartz  is  less  prominent.  The  two  grade 
into  each  other,  although,  speaking  generally,  more  horn- 
blende occurs  in  the  Greenwich  and  Wilton  areas  and  parts 
of  Monroe  than  in  the  mass  north  of  Danbury. 

*  See  note  on  page  86. 
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The  rock  is  prevailingly  porphyritic,  with  pink  or  white 
phenocrysts  of  feldspar,  closely  crowded,  often  attaining  a 
length  of  one  to  two  inches.  The  ground-mass  in  which  the 
larger  feldspar  crystals  are  set  consists  essentially  of  two 
varieties  of  feldspar,  quartz,  and  biotite  or  hornblende  or 
both. 

Metamorphism  has  produced  gneissoid  structures  within 
the  Danbury  granodiorite.  Usually  the  planes  of  foliation 
are  some  distance  apart,  thus  giving  the  rock  a  massive  ap- 
pearance, and  allowing  large  blocks  to  be  quarried.  In  the 
vicinity  of  Greenwich  the  homblendic  variety  is  very  fissile, 
and  splits  readily  into  even  slabs  suitable  for  curbing.  The 
phenocrysts  have  been  crushed  in  places  and  drawn  out  in 
lenses  or  eyes,  thus  producing  an  "  augen  "  structure  similar 
to  that  seen  in  the  Glastonbury  granite-gneiss.  Where  the 
rock  has  been  more  severely  metamorphosed  it  passes  into 
a  hornblende-mica  gneiss  or  even  into  a  schist. 

Granitic  and  pegmatitic  injection  has  played  a  part  in 
giving  the  final  appearance  to  the  rock,  and  makes  it  difficult 
to  draw  satisfactory  boundary  lines  between  this  formation 
and  the  granites. 

The  Danbury  granodiorite-gneiss  is  igneous  in  origin, 
and  was  intruded  prior  to  the  time  when  metamorphic  action 
converted  igneous  and  sedimentary  rocks  alike  into  gneiss 
and  schist. 

Thomaston  Granite-gneiss  [14]. —  This  name  is  given  to 
a  number  of  masses  of  gneissoid  granite,  some  of  which  are 
of  considerable  size.  The  larger  tracts  occur  in  Thomaston, 
Goshen,  Weston,  Westport,  New  Canaan,  and  Waterbury, 
while  smaller  masses  and  dikes  cutting  other  formations  are 
widely  distributed.  Foliation  has  been  quite  unevenly  de- 
veloped in  the  Thomaston  granite-gneiss,  and  the  rock  ac- 
cordingly varies  in  structure  from  almost  massive  granite, 
to  distinctly  schistose  phases.  "  Where  least  metamor- 
phosed, as  at  the  Plymouth  quarry  at  Thomaston,  and  at 
localities  on  Candlewood  Mountain,  the  rock  is  remarkably 
white  in  color,  has  a  medium  grain,  and  is  flecked  by  num- 
erous small  scales  of  mica  (biotite).    The  white  base  of  the 
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rock  is  made  up  of  about  equal  parts  of  a  white  feldspar 
(microcline)  and  quartz.  Locally,  as  in  the  Wilton  area,  it 
is  distinctly  porphyritic,  with  phenocrysts  of  microcline,. 
which  sometimes  reach  one-half  an  inch  in  length.  Exam- 
ined in  thin  sections,  with  the  aid  of  the  microscope,  the  rock 
is  found  to  be  almost  wholly  composed  of  microcline,  quartz, 
and  biotite,  with  minute  quantities  of  zircon  and  apatite. 
The  gneissose  varieties,  such  as  the  '  granite '  quarried  at 
Mine  Hill  in  Roxbury,  have  marked  secondary  foliation,  and 
a  silvery  mica  has  been  extensively  developed  in  membranes 
which  cover  the  planes  of  foliation.  This  mica  is  often 
present  in  excess  of  the  biotite.  The  latter  mineral  appears, 
however,  in  these  varieties  of  the  rock,  in  the  same  uniformly 
distributed  equidimensional  flecks  which  are  characteristic 
of  the  massive  varieties.  The  microcline  of  the  gneissose 
varieties  is  further  shown  by  the  examination  to  be  crushed 
and  even  granulated."  * 

That  the  Thomaston  granite-gneiss  is  of  igneous  origin 
is  shown  by  the  fact  that  it  so  often  occurs  as  dikes,  and 
that  fragments  of  other  rocks  are  included  within  it.  Sim- 
ilar evidence  is  afforded  by  the  development  of  the  epidote 
as  a  contact  mineral.  It  is  largely  due  to  the  injection  of 
this  granite-gneiss  that  certain  gneisses  like  the  Becket  have 
developed  locally  such  a  decided  banded  structure.  For  the 
same  reason  it  is  very  difficult  in  certain  areas  to  distinguish 
the  Becket  and  other  gneisses  from  the  Berkshire  and  Hart- 
land  schists. 

Pegmatite. — As  explained  on  page  71,  pegmatite  is  es- 
sentially a  giant  granite,  the  individual  crystals  of  which 
may  reach  the  dimensions  of  a  foot  or  more.  Rock  of  this 
type  occurs  commonly  throughout  the  western  crystallines, 
in  dikes  or  veins  of  small  width  compared  with  their  length. 
Whether  these  are  to  be  considered  as  dikes  or  veins  de- 
pends upon  the  idea  of  their  method  of  origin.  Some  of 
them  are  doubtless  true  veins  in  which  the  material  has 
been  deposited  from  heated  waters ;  others  are  pretty  clearly 
offshoots  from  granitic  masses ;  and,  as  might  be  expected, 
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there  is  every  gradation  between  the  two  types.  Pegmatite 
is  most  abundant  near  granite  areas,  and  is  particularly 
prominent  in  the  knotted  variety  of  the  Berkshire  schist.  In 
addition  to  the  dikes  and  veins,  two  larger  areas  of  pegma- 
tite, situated  respectively  in  the  vicinity  of  Plymouth  and 
Bethlehem,  are  doubtless  parts  of  still  larger  deep-seated 
masses.  Where  pegmatite  is  abundant,  the  topography 
shows  numerous  white  knob\3.  In  composition  the  rock 
consists  of  feldspar  (microcline,  orthoclase,  and  albite), 
quartz,  muscovite,  biotite,  and  a  number  of  accessory  min- 
erals, for  example  beryl,  tourmaline,  garnet,  magnetite.  In 
the  larger  pegmatite  areas  feldspar  and  quartz  often  occur 
intergrown  to  form  graphic  granite,  and  the  constituent  min- 
erals attain  a  length  of  several  inches.  Pegmatite  is  appar- 
ently the  last  intrusion  in  the  western  crystalline  rocks,  as 
shown  by  the  fact  that  dikes  of  this  material  intersect  the 
granite-gneisses,  which  in  turn  cut  the  other  formations  of 
the  region. 

Litchfield  Norite. —  Certain  dark  gray  rocks  forming 
parts  of  Mt.  Prospect,  near  Litchfield,  have  been  called  by 
Professor  Hobbs  Litchfield  norite.  This  rock  does  not  form 
large  masses,  but  is  found  associated  with  granodiorite, 
diorite,  and  amphibolite.  The  area  is  not  shown  on  the 
geologic  map.  Norite  consists  typically  of  plagioclase  and 
orthorhombic  pyroxene,  usually  hypersthene.  In  the  Litch- 
field rock  the  feldspar  is  prevailingly  labradorite;  and,  in 
addition  to  hypersthene,  green  hornblende  and  biotite  are 
the  most  prominent  constituents.  Chalcopyrite  and  nickel- 
iferous  pyrrhotite  are  found  in  the  less  feldspathic  parts  of 
the  norite.  The  presence  of  these  minerals  is  responsible 
for  the  numerous  unsuccessful  attempts  to  secure  nickel  in 
commercial  quantities  at  Mt.  Prospect.  As  regards  texture, 
the  rocks  are  usually  granitic,  rarely  porphyritic,  and  vary 
from  fairly  fine-grained  rocks  to  those  composed  of  crystals 
averaging  one-fourth  of  an  inch  in  diameter.  Analyses  of 
types  of  this  rock,  made  in  the  laboratory  of  the  United  States 
Geological  Survey,  and  published  in  Bulletin  228,  show  a 
wide  variation  in  composition.     "  All  the  types  of  norite. 
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hornblende  norite,  mica-hornblende  norite,  mica  diorite, 
hornblende-mica  diorite,  hornblende  diorite,  hornblendite, 
hornblende  saxonite,  hypersthenite,  and  Iherzolite  are 
found."  ♦ 

The  norite  is  of  igneous  origin,  and  its  many  varieties  are 
largely  due  to  differentiation  during  the  process  of  cooling. 

Amphibolite  [38]. —  Distributed  irregularly  over  the  area 
occupied  by  the  ancient  crystalline  rocks  are  dikes,  lenses, 
and  irregular  masses  of  amphibolite.  In  nearly  all  cases 
this  rock  has  a  distinctly  gneissoid  structure,  and  is  com- 
posed in  large  part  of  porphyritic  feldspar  and  green  horn- 
blende. There  is  also  a  subordinate  amount  of  quartz.  The 
more  massive  types  of  amphibolite  present  a  dark  green 
base,  mottled  by  areas  of  white  feldspar  occasionally  reach- 
ing a  diameter  of  an  eighth  of  an  inch.  In  favorable  local- 
ities these  feldspars  are  drawn  out  into  lines.  Where  the 
rock  is  distinctly  a  hornblende  gneiss,  it  is  made  up  of  alter- 
nating bands  of  feldspar  and  green  hornblende.  Locally, 
as  in  East  Litchfield  and  Canton,  garnet  is  developed,  and 
near  Bakersville  and  CoUinsville  the  rock  contains  consider- 
able greenish  yellow  epidote.  Portions  of  the  amphibolite 
are  metamorphosed  lenses  of  impure  limestone,  but  in  most 
cases  the  probability  of  its  igneous  origin  is  strong.  It  oc- 
curs distinctly  as  dikes,  and  its  composition  and  texture  are 
exactly  those  of  a  metamorphosed  hornblende  diorite.  The 
amphibolite  is  older  than  the  intrusive  granites  in  the  crys- 
tallines, as  shown  by  the  fact  that  dikes  of  the  latter  cut  the 
former.  Further,  the  fact  that  the  amphibolite  is  interfolded 
with  the  Becket  gneiss,  Hartland  (Hoosac)  schist,  etc., 
shows  that  its  intrusion  must  have  preceded  the  deformation 
which  produced  the  major  part  of  the  metamorphism  in  this 
region. 

Hornblendite,  Soapstone,  etc. —  In  addition  to  the  am- 
phibolite, there  are  small  areas  of  basic  rocks  in  western 
Connecticut  which  are  related  in  a  general  way  to  the 
peridotites  and  pyroxenites.    Among  these  are  the  areas  of 
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homblendite  one  mile  north  of  West  Cornwall  station,  two 
and  one-half  miles  south  of  Still  River,  and  at  South  Nor- 
folk; and  areas  of  soapstone  and  associated  rocks  three 
miles  west  of  Torrington,  a  mile  and  .  one-half  south  of 
Bakersville,  one  mile  north  of  Pleasant  Valley,  two  and  one- 
half  miles  south  of  New  Hartford.  Bowlders  of  soapstone, 
called  locally  "  cotton  rock  ",  are  found  between  Bristol  and 
Hartland.  When  fresh,  these  soapstones  consist  of  actin- 
olite  or  ^emolite  with  more  or  less  greenish  brown  horn- 
blende and  biotite.  The  soapstone  contains  anthophyllite 
or  tremolite,  talc,  and  serpentine.  The  latter  mineral  occurs 
both  massive  and  fibrous  (chrysotile,  often  called  asbestus). 

Diabase  Dikes  [39] . —  Certain  dikes  of  dark  colored  ig- 
neous rocks  occur  in  the  crystallines  of  western  Connecti- 
cut, which  are  unlike  the  amphibolites.  They  are  dikes  of 
diabase  forming  two  more  or  less  interrupted  narrow  bands, 
one  extending  from  Fairfield  to  the  north  line  of  Derby,  and 
the  other  through  the  towns  of  Orange  and  Woodbridge.  In 
most  places  the  dikes  constitute  ridges  or  small  elevations  in 
the  surrounding  metamorphic  rocks,  but  occasionally  they 
have  no  distinct  topographic  development  and  are  recog- 
nized only  by  their  composition  and  texture. 

In  surface  appearance  the  rock  is  quite  uniform,  a  dark 
blue,  firm  stone,  differing  in  no  essential  particular  from  the 
trap  of  the  Connecticut  Valley*  region.  The  material  com- 
posing the  dikes  consists  principally  of  labradorite  and 
pyroxene;  it  is  broken  by  faults  an^  joints,  but  does  not 
show  traces  of  regional  metamorphism.  On  the  other  hand, 
the  schists  and  gneisses  into  which  the  diabase  is  intruded 
are  somewhat  altered  and  baked.  The  unchanged  diabase 
masses  are  believed  to  be  of  Triassic  age,  and  thus  are  much 
younger  than  any  other  formation  represented  in  the  West- 
em  Highland  of  Connecticut.  Like  the  trap  rocks  found 
elsewhere,  these  dikes  furnish  excellent  material  for  road 
metal. 


Digitized  by  VjOOQIC 


114  CONNECl'ICUT  CEOL.  AND  NAT.  HIST.  SURVEY.        [Bull. 

GEOLOGICAL  FORMATIONS  OF  THE  EASTERN  HIGHLAND. 

All  of  the  state  of  Connecticut  east  of  a  line  extending 
from  Lighthouse  Point,  New  Haven,  to  Somers,  is  made  up 
of  ancient  crystalline  rocks,  nearly  all  of  which  have  been 
aflfected  by  intense  regional  metamorphism.  The  forma- 
tions in  this  section  of  the  state  have  not  been  so  carefully 
studied  as  those  west  of  the  Triassic  area,  and  many  of  the 
statements  regarding  them  are  to  be  considered  preliminary 
and  subject  to  radical  revision.  In  some  cases  the  bound- 
aries of  the  formations  have  been  of  necessity  arbitrarily 
drawn,  because  the  rocks  seem  to  grade  into  one  another, 
and  yet  to  present  such  differences  as  to  make  it  w6rth  while 
to  give  them  separate  names. 

The  geological  formations  occurring  in  the  Eastern  High- 
land may  be  summarized  as  follows: — The  Monson  and 
Branford  granite-gneisses,  and  the  Mamacoke  gneiss  are 
probably  igneous  in  origin  and  of  very  great  age,  and  may 
represent  pre-Cambrian  masses.  The  Glastonbury  granite- 
gneiss  is  of  uncertain  origin.  The  Bolton,  Brimfield,  and 
Woodstock  schists,  Pomfret  phyllite,  Plainfield  and 
Scotland  schists,  and  Putnam  gneiss  are  doubtless  the 
metamorphic  equivalents  of  sedimentary  strata  of  varying 
composition.  The  relation  of  these  sediments  to  the  igneous 
gneisses  has  not  been  made  out,  and  there  is  practically  no 
evidence  in  the  field  which  determines  the  position  of  these 
formations  in  the  time  scale.  The  discovery  of  fossils  of  the 
Carboniferous  period  in  the  Worcester  phyllite,  which 
is  probably  the  equivalent  of  the  Pomfret  phyllite,  suggests 
a  late  Paleozoic  age  for  most  of  the  schists  east  of  the  Con- 
necticut River.  This  view  is  strengthened  by  the  evidence 
presented  by  the  geological  formations  of  central  Massa- 
chusetts, where  they  have  been  studied  by  Professors  Em- 
erson and  Perry.  However,  there  is  great  similarity  be- 
tween the  Bolton  schist  and  the  Hartland  (Hoosac)  schist ; 
between  the  Woodstock  and  Plainfield  quartz  schists  and  the 
Poughquag  quartzite;  and  between  the  Brimfield  and  the 
Berkshire  schist.  It  is  not  at  all  impossible  that  more  ex- 
tended investigations  may  reveal  evidence  that  the  meta- 
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morphic  rocks  of  the  Western  Highland  are  related  to  those 
of  the  Eastern  Highland  in  time  as  well  as  in  lithologic 
character.  No  organic  remains  have  been  found  in  the  crys- 
talline rocks  of  eastern  Connecticut,  and  so  long  as  fossil 
evidence  is  lacking  no  definite  statements  can  be  ntttde  re- 
garding the  stratigraphic  position  of  the  different  forma- 
tions. The  Eastford,  Sterling,  Canterbury,  Maromas,  Had- 
dam,  Stony  Creek,  Lyme,  and  New  London  granite-gneisses, 
and  the  Preston  gabbro-diorite,  are  intrusions  in  earlier 
strata ;  but  were  intruded  before  the  time  of  the  metamor- 
phism  that  reconstructed  the  rocks  of  the  entire  state,  and 
are  accordingly  much  modified  by  the  development  of  gneis- 
soid  and  schistose  features.  The  Hebron  gneiss  and  the  Mid- 
dletown  gneiss  are  of  uncertain  origin;  the  Willimantic 
gneiss  is  merely  a  more  injected  phase  of  the  Hebron.  Peg- 
matite and  amphibolite  are  found  cutting  all  of  the  forma- 
tions mentioned  above,  and  occasionally  small  lenses  of 
limestone  are  found.  The  Westerly  granite  with  its  various 
types  in  the  southeastern  part  of  the  state  is  later  than  the 
pegmatite,  and  is  therefore  the  latest  of  all  the  formations, 
with  the  exception  of  dikes  of  diabase,  probably  of  Triassic 
age,  which  extend  in  broken  lines  from  the  Sound  to  the 
Massachusetts  border. 

Glastonbury  Granite-gneiss'*'  [15]. —  The  Glastonbury 
granite-gneiss  occupies  an  area  extending  from  the  north 
line  of  the  state  in  Somers  and  Stafford  to  Portland,  with  a 
width  varying  from  one  and  one-half  miles  at  Vernon  to 
about  four  and  one-half  miles  in  Glastonbury.  It  is  bor- 
dered on  the  east  by  the  Bolton  schist ;  and  throughout  the 
greater  part  of  its  extent  forms  the  eastern  border  of  the 
Triassic  sandstone,  from  which  it  is  everywhere  separated 
by  faults.     The   Glastonbury  granite-gneiss   extends   into 


*  For  data  regarding  tbe  formations  in  the  vicinity  of  Middletown  the  Con- 
necticut Survey  is  indebted  to  Professor  L.  G.  Westiate,  who  made  geological 
investigations  in  this  region  at  various  times  from  1896  to  1809.  In  1900  Pro- 
fessor Westgate  served  with  Professor  Gregory  on  the  U.  S.  Geological  Survey, 
and  presented  an  unpublished  report,  parts  of  which  are  incorporated  in  the 
present  work  in  the  descriptions  of  the  following  formations:  — Glastonbury 
granite-gneiss,  Bolton  schist,  Monson  granite-gneiss,  Middletown  gneiss,  Maro- 
mas granite-gneiss. 
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Massachusetts,  and  is  the  equivalent  of  the  Wilbraham 
gneiss  of  Emerson. 

Topographically  this  formation  constitutes  highlands 
throughout  its  extent,  forming  the  ridges  which  are 
so  prominent  east  of  Hazardville,  Rockville,  Manchester, 
and  Glastonbury.  At  Sandstone  Mountain  in  Somers  the 
rock  attains  an  elevation  of  six  hundred  feet,  and  is  scarcely 
less  elevated  through  a  large  part  of  Glastonbury.  Roughly 
speaking,  the  area  may  be  divided  into  two  parts  —  a  broad 
western  portion,  decidedly  gneissoid  and  usually  dark  col- 
ored, with  a  large  quantity  of  biotite  and  hornblende ;  a  nar- 
rower eastern  portion,  more  granitic,  and  in  places  reaching 
the  massiveness  of  a  true  granite. 

"The  more  granitic  facies  of  the  Glastonbury  gneiss  is 
shown  in  exposures  on  the  hill  north  of  Great  Hill  Pond. 
Outcrops  are  abundant  along  the  road  at  the  top  of  the  hill, 
and  a  small  quarry  has  been  opened  in  the  woods  east.  The 
rock  in  the  quarry  is  a  quite  massive,  medium-grained 
biotite-granite,  with  scattered  areas  of  quartz  and  feldspar, 
the  latter  sometimes  approaching  crystal  form,  while  the 
main  part  of  the  rock  is  an  aggregate  of  smaller  quartz  and 
feldspar  grains."  * 

The  larger  part  of  the  Glastonbury  gneiss,  however,  is 
very  different  in  its  typical  development  from  the  fock 
which  has  just  been  described.  As  seen  in  the  abundant  ex- 
posures west  of  the  Portland  reservoir,  it  is  a  dark,  well 
foliated,  almost  schistose  gneiss,  of  fine  grain,  which  on  the 
cleavage  surface  shows  alternating  patches  of  black  biotite 
and  white  feldspar.  An  examination  with  the  lens  shows 
minute  yellow-green  grains  of  epidote  scattered  among  the 
feldspar  aggregates,  or  more  abundantly  associated  with  the 
biotite.  The  epidote  does  not  seem  to  be  derived  from  the 
decomposition  of  any  elements  of  the  rock,  for  all  are  re- 
markably fresh.  The  presence  of  biotite  and  hornblende, 
arranged  in  parallelism  with  aggregates  of  feldspar,  gives  a 
distinct  foliation  and  banding  to  the  rock.  Quartz  is  abund- 
ant,  and  orthoclase,  microcline,   plagioclase,   titanite,   and 

•L.    G.    Westgate. 
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apatite  occur.  When  numerous  outcrops  in  this  region  are 
examined,  it  is  evident  that  there  is  no  sudden  break  be- 
tween the  gneissoid  and  massive  varieties  of  this  formation, 
but  that  they  grade  into  each  other. 

This  gneissoid  type  of  rock  prevails  throughout  the 
larger  part  of  the  area.  The  strong  foliation,  the 
abundance  of  biotite  and  hornblende,  and  the  almost 
universal  presence  of  epidote  in  small  grains,  distin- 
guish this  rock  from  the  more  granitic  type  to  the 
east.  Towards  the  west  side  of  the  Glastonbury 
area  the  rock  is  apt  to  be  darker  and  more  foliated,  because 
of  the  larger  amount  of  biotite  and  hornblende  present. 
This  more  schistose  variety  forms  the  hills  southeast  of 
Glastonbury,  and  occurs  in  the  bed  of  Roaring  Brook  in 
South  Glastonbury.  At  this  latter  locality  the  rock  is  a  very 
schistose  granulitic  gneiss,  with  lenticular  masses  of  feld- 
spar parallel  to  the  foliation  (the  so-called  "augen"),  and 
containing  flattened  lenses  or  patches  (technically  called 
"  schlieren  ")  of  darker  material  up  to  a  foot  or  more  in 
length.  The  rock  has  very  much  the  appearance  of  having 
been  crushed,  but  it  is  rare  to  find  under  the  microscope 
clear  evidence  that  crushing  has  taken  place.  "  It  is  not  un- 
common, especially  in  the  northern  part  of  the  area,  to  find 
outcrops  of  augen-gneiss  associated  with  this  western  facies 
of  the  Glastonbury  gneiss.  As  has  already  been  indicated, 
the  schistose  variety  in  Roaring  Brook  is  an  augen-gneiss. 
These  augen,  pink  or  white  in  color,  are  generally  granulitic 
aggregates  of  feldspar;  but  sometimes,  especially  further 
up  the  brook,  they  are  sub-porphyritic  feldspars.  The  augen 
aggregates  are  often  drawn  out  at  their  ends  into  narrow 
lines,  which  run  in  among  the  micaceous  portions  of  the 
rock."  ♦ 

The  more  massive  variety  of  this  gneiss  is  seen  in  the 
small  quarries  north  of  East  Glastonbury.  The  rock  here 
is  a  light  colored,  fine-grained  biotite  gneiss  or  granite, 
which  sometimes  is  quarried  in  blocks  two  or  three  feet  in 
thickness,   with   no   sign  of   a   parting.     Some   bands   are 


•L.  G.  Westgate. 
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denser,  with  reddish  feldspars,  and  approach  an  augen-gneiss. 
Schlieren  occur,  oval  or  lenticular,  or  sometimes  drawn  out 
parallel  to  the  foliation.  A  section  of  one  of  the  schlie- 
ren shows  a  much  larger  proportion  of  biotite  than  appears 
in  the  main  part  of  the  rock,  and  abundant  epidote,  in  which 
respects  it  resembles  the  more  foliated  varieties  of  this 
formation.  Another  quarry  occurs  in  this  more  massive 
gneiss  three-quarters  of  a  mile  north  of  the  village.  The 
rock  is  a  light  gray^  porphyritic,  granitic  gneiss.  It  is  rather 
thick-bedded,  and  would  make  good  curbing.  The  porphy- 
ritic feldspars  sometimes  reach  a  length  of  an  inch,  are  single 
crystals  or  Carlsbad  twins,  and  lie  roughly  parallel  with  the 
bedding.  The  rock  is  a  foliated  gneiss  and  contains  epidote. 
Under  the  microscope  the  feldspars  of  the  porphyritic  areas 
do  not  show  the  same  freshness  as  the  rest  of  the  rock. 
Epidote  often  holds  its  form  against  the  biotite,  and  does 
not  seem  to  be  of  secondary  origin.  It  is  commonly  found 
grouped  towards  the  center  of  the  plagioclase  grains,  is  rare 
in  the  microcHne,  and  is  not  found  in  the  quartz. 

Thus  in  .general  the  Glastonbury  gneiss  has  "  a  double 
character  —  a  granitic  biotite  gneiss  or  a  biotite  granite  in 
a  narrow  band  along  its  eastern  margin;  a  darker,  well- 
foliated  gneiss  with  biotite,  hornblende,  and  epidote  in  the 
remainder  of  the  area.  But  this  foliated  gneiss  becomes 
sometimes  near  the  margin  almost  a  schist;  and,  again,  at 
localities  well  within  the  margin,  quite  massive;  and  both 
massive  and  schistose  phases  -sometimes  become  augen- 
gneiss."  * 

Near  the  boundary  between  the  Triassic  strata  and  the 
Glastonbury  granite-gneiss,  the  rock  often  appears  as  a 
rusty  micaceous  gneiss  that  has  evidently  undergone  crush- 
ing. In  places  it  becomes  highly  schistose,  and  contains 
sericite  and  biotite  largely  altered  to  chlorite,  with 
a  number  of  accessory  minerals.  It  is  believed  by 
Professor  Westgate  that  this  facies  of  the  Glastonbury 
gneiss  is  due  to  the  movements  connected  with  the  faulting 
and  deformation  of  the  belt  along  the  Triassic  border. 

•L.  G.  Westgate. 
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"  In  regard  to  the  origin  of  the  Glastonbury  gneiss,  there 
is  strong  indication  that  it  is  in  large  part  igneous ;  and  this 
applies  both  to  the  more  massive  eastern  portion,  and  the 
more  gneissic  variety  on  the  west.  The  former,  in  its  out- 
crops in  the  quarry  north  of  Great  Hill,  and  in  numerous 
bowlders  scattered  over  the  area  to  the  south,  reaches  a 
massive  character  typical  of  a  granite.  The  general  and 
sometimes  very  marked  foliation  of  the  western  part  of  the 
area  certainly  does  not  at  first  suggest  an  igneous  rock; 
yet  all  intermediate  steps  can  be  found  between  this  and  the 
massive  granite  to  the  east.  Within  the  area  of  well  foliated 
gneiss,  bands  of  more  massive  augen-gneiss  are  found,  very 
similar  to  the  augen-gneiss  of  the  Maromas  area,  which  is  in 
all  probability  of  igneous  origin.  Again,  the  presence  of 
dark  patches  or  schlieren  is  a  strong  evidence  of  its  igneous 
origin.  These  are  found,  as  has  already  been  pointed  out,  in 
the  most  schistose  facies  of  the  gneiss,  as  seen  in  the  bed  of 
Roaring  Brook  in  South  Glastonbury,  and  they  are  found  in 
the  more  massive  facies,  as  illustrated  at  the  East  Glaston- 
bury quarries  [and  at  other  localities].  Whether  such  dark 
inclusions  are  metamorphosed  and  melted  masses  of  schist, 
or  are  basic  segregations  formed  in  the  rock  previous  to 
solidification,  is  immaterial  as  to  their  bearing  on  the  origin 
of  the  rock.  In  either  case  they  are  inexplicable  on  the  sup- 
position of  its  sedimentary  origin."  * 

The  igneous  origin  of  the  Glastonbury  granite-gneiss  is 
further  indicated  by  the  contact  phenomena  exhibited 
along  its  borders.  At  the  top  of  Collins  Hill  in  Portland 
the  contact  between  the  gneiss  and  the  Bolton  schist  "  is 
sharply  defined,  and  the  gneiss  and  schist  are  perfectly 
distinct.  The  line  of  the  contact  is  irregular,  and  inclusions 
of  schist  [similar  to  the  Bolton]  occur  at  several  points  in 
the  gneiss.  This  same  biotite  gneiss  occurs  for  a  short  dis- 
tance down  the  hill  to  the  east,  and  can  be  followed  north 
along  the  line  of  contact  for  a  quarter-mile."  *  The  contact 
phenomena   shown   at   this   locality   suggest   an    eruptive 


•L.  G.  Westgate. 
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origin,  but  the  evidence  from  the  field  as  a  whole  is  incon- 
clusive. 

Bolton  Schist  [i6]. —  The  Bolton  schist  occurs  as  a  belt 
rarely  exceeding  a  mile  in  width,  and  extending  from  the 
northern  line  of  the  State  at  Stafford  to  Great  Hill,  which 
forms  the  boundary  between  Portland  and  Chatham.  At 
Cobalt  the  belt  divides,  and  sends  one  arm  to  the  northwest, 
wrapping  about  the  Glastonbury  gneiss,  and  another  arm 
to  the  southeast,  extending  a  little  beyond  the  Connecticut 
River.  A  partially  detached  area  of  Bolton  schist  extends 
along  the  eastern  border  of  the  Triassic  from  Portland  to 
Lake  Quonnipaug  in  Guilford. 

Throughout  its  entire  extent  the  Bolton  schist  is  a 
marked  topographic  feature,  and  constitutes  a  high  ridge  or 
series  of  ridges.  The  belt  from  Great  Hill  to  West  Stafford 
is  almost  a  continuous  ridge,  rarely  under  five  hundred  feet 
in  elevation,  and  cut  through  by  streams  at  West  Stafford, 
Bolton  Notch,  and  Dark  Hollow.  The  southern  belt  has  its 
culminating  points  in  the  White  Rocks  and  Chestnut  Moun- 
tain. 

The  Bolton  schist  is  a  silvery  sericite  schist  showing  con- 
siderable variation  in  character,  and  includes  gneissoid 
bands  as  well  as  beds  of  quartzite  and  marble.  Besides  feld- 
spar, quartz,  muscovite,  and  sericite,  the  rock  contains 
biotite,  garnet,  and  staurolite  in  abundance.  In  places  the 
schist  contains  the  latter  minerals  in  such  quantity  that  it 
might  be  properly  classed  as  garnet  schist  or  staurolite  schist. 
Magnetite,  graphite,  fibrolite,  pyroxene,  rutile,  pyrite,  and 
chlorite  also  occur.  Any  one  or  more  of  these  minerals  may 
be  absent  from  a  given  outcrop. 

One  of  the  best  exposures  of  this  rock  is  along  a  road 
through  the  ravine  which  cuts  across  the  schist  range,  about 
a  mile  north  of  the  northeast  corner  of  Middlesex  County. 
On  the  west  the  rock  is  a  silvery  sericite  schist,  everywhere 
containing  abundant  garnets,  and  generally  small  prisms  of 
staurolite.  Farther  to  the  east,  and  beyond  the  ravine,  the 
Bolton  schist  is  represented  along  the  road  by  a  dark  fine- 
grained biotite  gneiss,  the  minute  brown  biotite  flakes  of 
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which  give  a  distinct  purplish  color  to  the  sandy  or  gneissic 
facies  of  the^  Bolton,  and  indicate  its  gradation  into  the 
Hebron  gneiss.  Two  miles  southwest  the  silvery  schist 
again  appears.  Garnets  and  staurolite  prisms  are  abundant, 
and  the  microscope  reveals  much  magnetite  dust,  and 
abundant  films  of  sericite,  curving  around  and  between  the 
quartz,  garnet,  and  staurolite,  and  also  shows  an  equal 
amount  of  brown  biotite  in  smaller,  usually  unbent  flakes. 
This  same  rock  is  exposed  in  numerous  outcrops  along  the, 
east  side  of  the  range,  west  of  Lake  Pocotopaug.  It  is  here 
that  staurolite  occurs  in  its  largest  development,  the  prisms 
reaching  two  or  three  inches  in  length,  and  a  half-inch  in 
their  longest  diagonal.  The  Bolton  schist  along  its  eastern 
border  near  the  north  end  of  Lake  Pocotopaug,  and  in  a  cor- 
responding position  farther  north,  is  prevailingly  a  fine- 
•  grained  biotite  gneiss,  passing  into  a  biotite  schist.  Stauro- 
lite schist  again  occurs  along  the  south  face  of  Great  Hill, 
but  it  here  lacks  the  silvery  sericitic  character  it  has  farther 
north,  and  becomes  a  sandier  and  more  gneissic  biotite 
schist,  with  garnet  and  staurolite.  The  schist  along  the  west 
side  of  the  Bolton  belt  is  not  always  staurolitic;  garnets 
are  almost  invariably  present,  but  staurolite,  while  abund- 
antly present  in  certain  exposures,  is  absent  in  many  others. 
Good  exposures  of  the  Bolton  schist  occur  also  along 
the  Air  Line  railroad  for  more  than  a  mile  east  of  Cobalt 
station.  Immediately  at  the  station  the  rock  is  a  medium- 
gjained  biotite  schist,  the  mica  laminae  often  closely 
crumpled,  and  alternating  with  thin  layers  of  quartz. 
Weathered  outcrops  show  the  rusty  appearance  character- 
istic of  the  schist.  The  rock  exposed  in  the  railroad  cut 
a  mile  and  a  quarter  east  of  the  station,  is  a  fine-grained 
schist,  containing  beds  of  gneiss.  Its  color  is  gray  when 
freshly  exposed  but  becomes  rusty  on  weathered  surfaces. 
The  abundant  biotite  is  often  bleached,  and  forms  wavy 
laminae  about  knots  of  quartz.  Small  grains  of  pyrite  are 
found  in  association  with  the  other  minerals.  The  rock  is 
grayer  and  less  silvery  than  the  staurolite  schist  found 
farther  north.    The  gneissic  bands  are  also  fine-grained,  and 
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the  small  scattered  biotite  flakes  are  hardly  numerous 
enough  to  produce  a  distinct  foliation  in  a  hand  specimen. 
Small  garnets  are  present.  The  gneiss  occurs  in  beds  of 
greater  or  less  thickness,  interbedded  with  the  schist,  and 
all  are  evidently  parts  of  the  same  formation.  In  some 
cases  the  gneissic  bands  more  or  less  completely  lose  their 
biotite,  and  a  quartzose  type  of  rock  is  produced  identical 
with  phases  of  the  Hebron  gneiss,  and  closely  resembling  a 
quartzite.* 

It  is  interesting  to  note  that  this  section,  showing  silvery 
schist  with  garnet  and  often  staurolite,  followed  by  alter- 
nating beds  of  schist  and  quartzose  gneiss,  is  reproduced  in 
the  section  at  Bolton  Notch,  and  at  points  still  farther 
north  towards  the  state  line.  The  sandy  quartzose  layers, 
however,  attain,  in  the  more  northern  localities,  a  develop- 
ment and  a  character  of  their  own,  which  are  lacking  in  the 
corresponding  rock  of  the  south. 

The  rock  exposed  at  Diamond  Lake  in  Glastonbury,  in 
Bolton,  in  Tolland,  and  farther  north,  is  much  more  pre- 
vailingly sericitic,  and  oftentimes  takes  on  a  graphitic  ap- 
pearance, becoming  dark  and  lead-colored.  At  a  number  of 
points  near  the  northwest  border  of  the  formation  the  schist 
is  much  shattered  and  seamed  with  quartz,  dark  gray  in 
color,  and  finely  granular  in  texture,  instead  of  presenting 
distinct  foliation  surfaces  covered  with  films  of  mica.  In 
these  places  the  rock  is  closely  folded  and  otherwise  dis- 
torted. This  peculiar  facies  of  the  schist  has  been  ascribed 
to  mechanical  movements  associated  with  the  faults  along 
the  border  of  the  crystalline  area.f 

At  a  number  of  localities  in  the  Bolton  schist,  as  shown 
in  the  cut  on  the  Air  Line  Division  northwest  of  Job's  Pond, 
there  occur  bands  and  lenses  of  impure  limestone.  These 
bands  are  interbedded  with  the  schist,  and  have  taken  part 
in  the  faulting  to  which  the  schist  in  general  has  been  sub- 
jected. Wherever  the  limestone  occurs  it  is  fine-grained, 
grayish   ih  color,  and  contains  light  greenish   patches  of 

*  The  above  paragraph  and  the  one  precedlngr  are  taken  substantially,  though 
not  verbatim^  from  the  unpublished  report  of  L.  G.  Westgate. 
tL.  G.  Westgate. 
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pyroxene.  Usually  more  or  less  mica  occurs  with  the  lime- 
stone, and  at  Bolton  Mountain  and  elsewhere  it  grades  into 
a  calcareous  mica  slate. 

Quartzite  in  the  Bolton  Schist. —  Bands  of  quartzite  and 
quartz  schist  occur  in  the  Bolton  formation ;  but,  although 
these  bands  are  of  considerable  extent  and  characteristic,  it 
does  not  seem  practicable  to  treat  them  as  a  distinct  for- 
mation. The  quartzite  shows  a  wide  range,  from  almost  pure 
quartz  like  that  of  veins  to  quartzose  mica  schist.  In  the 
southern  part  of  the  area  it  forms  the  summit  of  Great  Hill, 
and  has  been  traced  northward  along  the  range  for  three 
miles.  Towards  the  north  it  becomes  thinner,  is  a  less 
marked  topographic  feature,  and  has  tiot  been  identified  in 
place  beyond  a  point  southeast  of  Meshomasic  Mountain. 
East  of  the  quartzite,  which  occupies  the  summit  of  the 
range,  occurs  the  typical  Bolton  schist.  To  the  west, 
wherever  exposures  are  found  (and  they  are  rare,  and  never 
within  a  half-mile  of  the  quartzite),  the  rock  is  a  granite- 
gneiss.  *'  Quartzite  and  schist  alike  dip  to  the  west,  so  that, 
unless  we  are  here  dealing  with  an  overturned  fold,  the 
quartzite  is  the  uppermost  member  of  the  Bolton  schist 
which  is  exposed  in  the  range.  The  rock  is  sometimes  a* 
massive  quartzite,  with  small  quantities  of  muscovite  in 
minute  scattered  grains.  Then,  with  an  increase  of  musco- 
vite, the  rock  becomes  foliated  and  in  extreme  cases  schis- 
tose. Constant  alternations  occur  in  the  ledges,  between  the 
more  massive  and  more  schistose  varieties.  At  a  few  points 
the  rock  takes  on  an  appearance  which  suggests  a  conglom- 
erate."* Toward  the  north  line  of  the  state  the  quartzite 
is  much  more  schistose  in  structure,  and  is  nearly  always 
micaceous.  Besides  the  minerals  mentioned  above,  pyrox- 
ene, magnetite,  rutile,  and  rarely  chlorite,  occur  in  the  rock. 

At  a  point  west  of  Pocotopaug  Lake  the  rock  has  been 
quarried  on  a  small  scale  for  whetstones.  Other  quarries 
were  formerly  worked  in  Bolton  and  West  Stafford.  The 
abandoned  quarry  at  Bolton  Mountain  was  at  one  time 


»L.  G.  Westgmte. 
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famous  for  its  flagstones,  which  may  be  now  seen  on  the 
streets  of  the  larger  Connecticut  cities. 

Lenses  and  dikes  of  amphibolite  are  so  abundant  in  the 
eastern  part  of  the  Bolton  schist  that  they  were  considered 
by  Percival  as  a  separate  formation.  Usually  the  amphibo- 
lite is  schistose,  but  in  places  it  is  gneissoid,  and  generally 
contains  pyroxene,  epidote,  and  chlorite. 

Pegmatite  occurs,  usually  in  narrow  veins  distributed 
haphazard  throughout  the  schist;  but  at  the  White  Rocks, 
east  of  Middletown,  it  forms  a  large  part  of  the  outcrop,  and 
varies  from  a  white  granular  rock  to  a  giant  granite  with 
crystals  of  feldspar  several  inches  in  length. 

The  general  dip  of  the  Bolton  schist  is  towards  the  west, 
and  throughout  its  extent  it  is  much  folded  or  crumpled. 
It  is  believed  to  be  of  sedimentary  origin,  and  to  be  the  met- 
amorphosed equivalent  of  a  stratified  series  consisting  of 
sandstones,  shales,  and  some  limestone.  Its  sedimentary 
character  is  indicated  by  its  great  variation  in  field  appear- 
ance and  in  mineralogical  and  chemical  composition,  as  well 
as  by  the  presence  of  marble,  quartzite,  and  graphite.  In 
many  respects  this  formation  resembles  the  Hartland  (Hoo- 
sac)  schist.  The  Bolton  schist  doubtless  had  originally 
much  greater  extent  than  at  present,  and  was  the  country 
rock  into  which  the  Maromas,  and  probably  the  Glaston- 
bury, gneiss  was  intruded.  No  fossils  have  been  found  in  it 
nor  in  any  adjoining  rocks  (except  the  Triassic  sandstones), 
and  it  is  therefore  impossible  to  assign  the  formation  to  a 
definite  place  in  the  time  scale. 

Monson  Granite-gneiss  [17]. —  Bordering  the  Bolton 
schist  on  the  east  is  a  band  of  gneiss  extending  in  a  south- 
westerly direction  from  the  northern  boundary  nearly 
across  the  state.  Northward  it  extends  into  Massachusetts, 
and  the  rock  is  extensively  quarried  in  the  town  of  Monson, 
from  which  locality  the  entire  formation  derives  its  name. 
The  rock  is  exposed  in  ledges  in  many  localities,  and  forms 
a  large  part  of  the  bowlders  which  are  strewn  so  abundantly 
in  the  valley  of  the  Willimantic  River,  from  the  Massachu- 
setts  line   southward.     The   best   exposures   of   this   rock 
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within  the  state  are  found  in  quarries  along  the  Connecti- 
cut River.  At  Arnold's  Station  in  the  town  of  Haddam, 
quarries  have  long  been  worked  on  a  high  hill  near  the  sta- 
tion, and  the  stone  taken  out  has  left  a  deep  trench  extend- 
ing directly  through  the  summit  of  the  hill.  The  quarried 
rock  has  been  used  for  curbs  and  block  pavement.  Where 
typically  exposed,  the  rock  is  a  fine-grained,  dark  gray, 
uniform  biotite-hornblende  gneiss,  marked  at  short  inter- 
vals by  parallel  seams  of  quartz  with  some  biotite  and 
hornblende,  along  which  the  rock  is  generally  split  in  quar- 
rying. This  rock  is  somewhat  darker  than  the  darker  va- 
riety quarried  in  Monson.  Across  the  river  at  Haddam 
Neck  several  quarries  have  been  opened  on  the  hills  facing 
the  river.  These  quarries  are  not  at  present  being  worked. 
The  rock  here  is  gray,  fine-grained  gneiss,  lighter  in  color 
than  that  at  Arnold's.  As  seen  in  the  quarries,  it  consists  of 
alternate  light  and  dark  bands,  which  are  nearly  vertical, 
and  parallel  to  which  the  foliation  has  been  developed* 
Biotite  is  the  most  abundant  dark  constituent,  and  generally 
the  only  one,  though  in  some  cases  hornblende  is  the  more 
abundant  mineral.  Orthoclase  and  plagioclasc,  quartz,  and 
garnet  are  present. 

Where  the  rock  is  quarried,  both  north  and  south  of  the 
river,  it  is  a  uniform  and  generally  rather  light  colored 
gneiss,  and  is  not  marked  to  any  extent  by  the  presence  of 
intercalated  bands  of  dark  hornblendic  gneiss  or  amphib- 
olite.  This  would  naturally  be  the  ca?e  with  those  portions 
of  the  rock  chosen  for  quarrying.  Such  bands  of  amphib- 
oHte  are,  however,  quite  characteristic  of  the  gneiss  belt  as 
a  whole,  and  there  is  scarcely  an  outcrop  of  any  extent 
which  does  not  show  one  or  more  of  them.  In  many 
instances  these  amphibolites  form  narrow  and  distinctly  fol- 
iated bands,  parallel  to  the  structure  of  the  enclosing  gneiss, 
but  sometimes  they  cut  across  the  foliation  obliquely,  and 
they  are  often  of  a  massive  character,  which  strongly  indi- 
cates an  eruptive  origin;  so  that  it  is  considered  probable 
that  most  if  not  aH  of  the  amphibolite,  which  forms  such  a 
striking  contrast  to  the  light  colored  gneiss,  is  igneous. 
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The  Monson  gneiss  is  believed  to  be  igneous  in  origin. 
Its  uniformity  of  texture  and  composition  over  wide  areas, 
and  the  absence  of  minerals  distinctly  characteristic  of  sed- 
imentary rocks,  testify  to  an  original  igneous  mass.  It  is 
suggested  that  the  bands  of  amphibolite  and  granite-gneiss, 
which  make  up  this  formation,  have  been  developed  by 
metamorphism  from  original  masses  formed  by  segregation 
when  the  rock  was  yet  in  a  molten  condition.  This  form- 
ation was  formerly  considered  as  of  sedimentary  origin,  and 
has  been  described  as  a  metamorphosed  conglomerate.* 

Brimfield  Schist  [i8]. —  One  of  the  largest  sections  of 
metamorphic  rock  in  the  eastern  division  of  the  ancient 
crystalline  rocks  is  that  occupied  by  the  Brimfield  schist, 
covering  practically  all  the  towns  of  Union,  Ashford,  and 
Willington,  and  large  parts  of  Woodstock  and  Stafford. 
The  formation  extends  northward  into  Massachusetts,  and 
has  received  its  name  from  the  town  of  Brimfield  in  that 
state.    Toward  the  southwest  it  extends  to  Bolton. 

Throughout  its  whole  extent  this  formation  shows  strik- 
ing uniformity  in  the  general  character  of  the  rocks.  It  con- 
tains numerous  varieties,  but  all  of  them  are  peculiar  to 
this  area.  .  Perhaps  the  most  conspicuous  feature  of  the 
Brimfield  schist  is  its  rusty  color,  caused  by  an  abundance 
of  disseminated  grains  of  iron.  The  soil  formed  from  it  is 
generally  reddish  or  yellowish  in  color.  The  typical  Brim« 
field  schist  is  a  rusty,  dark  colored  or  purplish  rock,  showing 
great  variation  in  the  development  of  schistosity.  The 
mica  in  the  rock  is  in  places  white  and  silvery  muscovite,  but 
more  commonly  biotite,  with  a  reddish  or  purplish  tint.  It 
may  occur  in  flat  crystals,  or  it  may  be  drawn  out  into  fibres. 
Garnets  are  generally  abundant  in  the  schist  as  well  as  in  the 
subordinate  bands  of  gneiss  which  occur  with  it.  In  ad- 
dition to  the  mica  and  the  usual  feldspar  and  quartz,  there 
occur  also  sillimanite  and  graphite.  The  sillimanite  occurs 
in  clumps;  clusters,  or  sheaves,  or  in  individual  needles 
scattered  throughout  the  rock,  and  forms  one  of  the  charac- 


•  Emerson,  Geolojey   of  Old  Hampshire  County^  Massachusetts,  United  States 
Geological  Survey,  Monograph  XXIX. 
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teristic  features  of  this  formation.  Graphite  occurs  in  small 
fragments  with  metallic  luster,  and  occasionally  in  sufficient 
abundance  to  attract  a  prospector.  Abandoned  "  lead " 
mines  are  found  in  parts  of  Ashford,  Union,  and  Mansfield, 
as  well  as  farther  north,  in  Massachusetts.  The  iron  in  the 
rock  is  so  abundant  that  it  has  been  mined  in  certain  local- 
ities. Near  StafiFordville  ore  was  taken  out  in  some  quantity 
between  1840  and  1850.  Here  the  ore  was  of  two  varieties 
—  the  common  bog  iron  ore,  limonite;  and  a  reddish 
or  yellowish  earth  which  came  from  the  decomposition  of 
rocks  in  place. 

In  certain  belts  extending  in  a  north-south  direction  the 
Brimfield*  schist  takes  on  a  gneissoid  character,  doubtless  due 
to  enrichment  by  quartz  and  feldspar  along  the  planes  of 
foliation.  So  marked  is  this  arrangement  of  the  gneiss  and 
schist  that  the  formation  may  be  considered  as  a  series  of 
alternating  bands  of  schist  and  gneiss. 

Beds  of  hornblende  an3  of  pyroxene  occur  in  this  form- 
ation; also  thin  beds  of  impure  limestone;  and  in  places 
pyrite  becomes  a  prominent  constituent,  and  has  given  the 
name  of  "  sulphur  rock  "  to  certain  ledges. 

Brimfield  schist  is  not  markedly  folded  or  crumpled, 
having  in  general  a  quite  uniform  schistose  or  slaty  char- 
acter. About  the  areas  of  intruded  granite,  however,  the 
rock  is  often  much  crumpled.  In  such  localities  the  schist 
is  occasionally  marked  with  knobs  and  little  knots,  which 
closely  resemble  similar  structures  in  the  Berkshire  schist. 

It  is  believed  that  the  Brimfield  schist  is  the  metamor- 
phosed equivalent  of  sedipients  prevailingly  argillaceous, 
but  including  also  sandy  and  calcareous  beds.  The  part  of 
the  Brimfield  included  in  Massachusetts  is  believed  by  Emer- 
son and  Perry  to  be  of  Carboniferous  age,  but  as  yet  no  evi- 
dence on  this  point  has  been  found  in  Connecticut. 

Eastford  Granite-gneiss  [19]. —  Extending  through  the 
towns  of  Woodstock  and  Eastford  to  Chaplin  is  an  area  of 
gneiss  averaging  a  little  over  two  miles  in  width.  The 
rock  in  general  is  a  light  or  dark  gray  gneiss,  fine-grained, 
or  in  places  even  porphyritic.    Lines  of  schistosity  are  well 
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developed,  and  only  a  very  slight  amount  of  folding  or 
crumpling  has  taken  place,  so  that  the  rock  is  suitable  for 
quarrying.  At  the  "  ledges  "  near  Eastford  village  the  rock 
is  a  biotite-muscovite  gneiss,  light  colored,  and  containing 
much  quartz  and  feldspar  arranged  along  definite  lines. 
Perhaps  the  best  exposures  of  this  formation  are  in  the 
southeast  corner  of  Eastford,  where  considerable  quarrying 
has  been  carried  on  in  past  years.  Here  the  rock  is  distinctly 
gneissoid  in  parts,  and  in  other  parts  it  is  massive,  with  a 
uniform  texture  and  regular  structure  throughout.  The 
differentiation  into  light  and  dark  gray  varieties  is  not  a 
prominent  characteristic  in  this  section,  but  small  flattened 
lenses  of  biotite  give  the  rock  much  the  same  appearance  as 
that  possessed  by  theMonson  gneiss.  Like  most  of  the  gneis- 
ses in  the  state,  this  formation  is  cut  by  seams  of  granite  and 
pegmatite,  with  an  occasional  bed  of  amphibolite.  Both  the 
granite  and  the  amphibolite  dikeg  are  later  in  age  than  the 
country  rock.  The  composition  and  texture  of  the  East- 
ford granite-gneiss,  as  well  as  its  field  occurrence,  suggest 
an  igneous  origin. 

Woodstock  Quartz  Schist  [20] . —  There  are  two  areas  of 
quartzose  rock  in  the  northeastern  part  of  the  state,  named 
respectively  the  Woodstock  and  the  Plainfield  quartz 
schist.  The  Woodstock  quartz  schist  extends  through  the 
eastern  part  of  Woodstock,  and  continues  southward 
through  Pomfret,  terminating  near  the  western  border  of 
Hampton.  This  area  is  deeply  covered  by  glacial  deposits, 
and  few  outcrops  have  been  located.  In  character  the  schist 
varies  from  an  almost  pure  quartzite  to  a  mica  schist  with 
abundant  quartz  grains.  Near  North  Woodstock  the  schist 
is  a  purplish  rock  consisting  of  quartz,  sericite,  and  musco- 
vite,  and  varies  in  texture  from  a  rock  which  is  practically 
sandstone  to  a  very  micaceous  or,  rarely,  a  chloritic  schist. 
In  places  hornblende  in  small  green  crystals  is  distributed 
generally  through  the  rock,  giving  a  greenish  tint  to  certain 
layers.  The  Woodstock  quartz  schist  is  believed  to  repre- 
sent sedimentary  sandstones  and  clay  rocks.  The  original 
quartz  grains  are   now   partly  converted  into  crystals  of 
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quartz,  and  the  argillaceous  material  is  now  represented  by 
the  micas.  Rarely  calcareous  bands  occur.  "  Quinnebaug 
whetstones  "  were  formerly  quarried  from  the  fine-grained 
quartzite.  The  continuation  of  the  Woodstock  quartz 
schist  in  Massachusetts  has  been  separated  into  several  dis- 
tinct formations. 

Pomfrct  Phyllitc  [21]. —  Skirting  the  eastern  border  of 
the  Woodstock  quartz  schist,  and  extending  south  into  Hamp- 
ton, is  a  narrow  belt  of  mica  slate  or  phyllite.  A  detached  area 
occurs  in  Bozrah  and  Franklin,  and  it  is  possible  that  the 
two  are  connected  by  a  narrow  band  extending  along  the 
valley  of  Little  River.  Where  typically  developed,  as  in  the 
northeastern  part  of  Pomfret,  the  phyllite  is  well  foliated,  the 
foliation  planes  being  made  of  minute  flakes  of  mica,  which 
give  the  rock  a  purplish  tone  and  a  silky  luster.  The  rock  of 
this  type  continued  northward  seems  to  be  the  equivalent 
of  the  "  Worcester  phyllite  "  of  Perry  and  Emerson.  In  ad- 
dition to  the  typical  phyllite,  this  formation  also  exhibits 
distinctly  schistose  varieties,  containing  much  muscovite 
in  fairly  large  plates.  This  type  is  traversed  in  places  by 
calcareous  seams,  with  which  hornblende  crystals  are  asso- 
ciated. In  places  long  fibrous  minerals  are  arranged  in 
sheaves  and  bunches  along  foliation  surfaces  in  such  a  man- 
ner as  to  simulate  fossils. 

Putnam  Gneiss  [22] . —  Extending  from  the  northeastern 
corner  of  the  state  down  along  the  valley  of  the  Quinnebaug 
River,  and  reaching  beyond  Norwich,  is  an  area  of  gneiss 
quite  unlike  any  other  formation  in  the  state.  This  is  the 
Putnam  gneiss,  and  is  extremely  variable  in  texture  and 
sometimes  in  composition.  The  rock  is  made  up  of  bands 
of  schist,  gneiss,  quartzite,  and  igneous  intrusions  in  such 
variety  that  it  is  possible  to  collect  several  unlike  specimens 
within  a  distance  of  ten  to  fifteen  feet  across  the  strike.  In 
texture  the  rock  varies  from  a  compact  bluish  black  slate  and 
quartzite,  through  fine, black  schist,  to  coarse,  gray,  quartzose 
schist  and  feldspathic  gneiss.  The  formation  also  includes 
beds  of  limestone,  sheets  of  Sterling  granite-gneiss  and  peg- 
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matite,  amphibolite,  and  layers  of  a  black  granite  porphyry. 
In  composition  the  formation  shows  gradations  from  a 
hornblende-biotite  schist  (or  sedimentary  amphibolite?) 
with  little  or  no  feldspar,  through  a  quartz-biotite  schist  and 
gneiss  (or  crystalline  arkose?),  to  a  quartzite. 

In  the  eastern  part  of  the  area,  principally  in  the  towns  o? 
Preston  and  North  Stonington,  where  detailed  work  has  been 
done  by  Dr.  G.  F.  Loughlin,  there  are  two  main  varieties  — 
a  gray  schist,  often  feldspathic,  and  a  fine  biotite-hornblende 
schist,  both  thoroughly  injected  with  intrusive  sheets  and 
stringers  of  gjanite  and  pegmatite.  The  fine  black  schist 
evidently  underlies  the  gray  feldspathic  variety,  and,  where 
it  comes  into  contact  with  the  Preston  gabbro-diorite  form- 
ation, has  the  appearance  of  hornstone.  The  alteration  to 
hornstone  doubtless  took  place  before  the  metamorphism 
occurred  which  recrystallized  all  the  rocks  of  this  region. 

A  characteristic  feature  of  a  large  part  of  the  Putnam 
gneiss  is  well  displayed  near  Moosup  village  and  in  the  rail- 
road cut  west  of  Putnam.  Here  the  rock  has  the  appear- 
ance of  a  conglomerate,  more  or  less  crushed  and  drawn  out 
into  lines.  When  the  apparent  pebbles  are  examined,  they 
are  seen  to  consist  of  feldspar  crystals  or  small  areas  of 
qi^iartz  and  feldspar,  about  which  biotite  and  hornblende 
have  been  closely  wrapped.  It  thus  forms  a  metamorphic 
pseudo-conglomerate.  The  "  pebbles  "  are  seen  not  to  be 
regularly  distributed  along  the  planes  of  schistosity.  The 
crystals  forming  the  "  pebbles "  of  this  rock  owe  their 
origin  to  granitic  intrusion  or  to  injection  by  hot  solutions 
which  have  added  to  the  original  rock  material  for  the  form- 
ation of  feldspar.  It  appears  on  fuller  investigation  that  the 
layers  of  "  conglomerate "  are  metamorphosed  sheets  of 
granite  porphyry. 

A  typical  outcrop  of  Putnam  gneiss  exhibits  bands  of 
black  hornblendic  schist  alternating  with  gray  gneiss,  and 
shows  numerous  granitic  injections.  Surface  exposures 
usually  have  a  brownish  or  greenish  color  due  to  the  alter- 
ation of  the  black  minerals. 

In  addition  to  layers  of  slate  and  quartzite,  the  Putnam 
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gneiss  contains  at  several  points  limited  beds  of  dolomitic 
marble  or  limestone.  The  most  important  of  these  local- 
ities are  near  the  northwest  corner  of  North  Stoning^on, 
and  on  the  east  slope  of  Swantown  Hill,  where  lime-kilns 
were  once  operated  on  a  small  scale.  There  was  also  a  kiln 
located  on  Foll)rworks  Brook,  a  little  over  a  mile  northeast 
of  Preston  City.  The  limestone  is  completely  crystalline, 
and  is  accompanied  by  various  minerals,  such  as  actinolite, 
tremolite,  titanite,  biotite,  and  feldspar,  that  have  developed 
from  the  impurities  in  the  dolomite  as  a  result  of  metamor- 
phism. 

Although  the  Putnam  gneiss  presents  such  marked  vari- 
ation in  texture  and  composition,  and  presents  at  all  points 
such  complicated  structures,  yet  it  has  been  derived  from 
simple  sedimentary  rocks  deposited  in  horizontal  strata, 
and  doubtless  containing  fossils.  The  slate,  the  quartzite, 
the  limestone,  and  the  occasional  presence  of  graphite  in 
the  black  schist  suggest  a  sedimentary  origin,  and  the 
formation  is  believed  to  have  consisted  originally  of  beds  of 
sand  and  mud  and  deposits  of  impure  limestone.  At  some 
date  later  than  the  original  deposition  and  prior  to  the  Tri- 
assic,  the  strata  have  been  greatly  modified  by  two  processes 
—  igneous  injection  and  regional  metamorphism. 

The  rocks  constituting  the  Putnam  gneiss  were  injected 
by  granitic  sheets  and  dikes  and  by  hot  aqueous  solutions 
and  vapors.  The  intrusions  seem  in  large  part  to  be  par- 
allel to  the  bedding.  The  intrusions  include  dikes  and  sheets 
of  Sterling  granite-gneiss,  varying  from  masses  one  hundred 
feet  in  thickness  to  the  finest  stringers;  pegmatite  veins, 
also  varying  much  in  size,  running  down  in  places  to  mere 
veinlets  of  quartz;  and  sheets  of  black  granite  porphyry, 
with  the  larger  phenocrysts  exceeding  two  inches  in  length. 
Associated  with  the  black  porphyry  are  sheets  of  sheared 
diorite  or  hornblende  schist  varying  in  width  from  ten  feet 
to  a  fraction  of  an  inch.  The  coarser-grained  of  these  sheets 
are  easily  identified  as  intrusive ;  but,  in  the  case  of  some  of 
the  finer-grained  ones,  field  evidence  alone  is  not  sufficient 
to  determine  whether  the  rock  is  igneous,  or  a  metamor- 
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phosed  sediment  containing  large  amounts  of  iron  oxi<Jes, 
magnesia,  lime,  and  silica. 

The  severe  metamorphism  which  is  so  evident  in  the 
Putnam  gneiss  represents  several  stages,  some  preceding, 
others  following  or  accompanying  the  granitic  intrusion. 
Near  the  larger  intrusive  masses  the  shales  have  been  con- 
verted into  hornstones,  or  into  slates,  schists,  and  gneisses ; 
the  sandstones  have  become  quartzites  and  schists;  and 
the  limestones  are  now  represented  by  impure  marble. 
Schistosity  has  been  developed  in  the  entire  area,  and  the 
gneiss  is  so  closely  folded  and  contorted  that  the  same  bed 
may  pccur  several  times  in  one  outcrop.  The  extreme  pli- 
cation and  the  frequent  recurrence  of  beds,  together  with 
the  great  and -constant  variation  in  texture,  make  definite 
correlation  practically  impossible. 

The  age  of  the  Putnam  gneiss  is  unknown,  and  the  data 
at  hand  are  insufficient  even  to  determine  its  local  strati- 
graphic  position.  The  evidence  indicates  that  the  Putnam 
underlies  the  Scotland  schist.  The  two  formations  are  con- 
formable, and  pass  into  each  other  without  noticeable 
change.  All  the  igneous  rocks  of  this  district  occur  as  in- 
trusions in  the  Putnam  gneiss,  and  this  formation  is  there- 
fore older  than  the  various  dikes,  sheets,  pegmatite  veins, 
and  igneous  masses  found  associated  with  it.  The  isolated 
outcrops  of  gray  biotite  gneiss  occurring  in  the  Sterling  gran- 
ite-gneiss may  be  remnants  of  the  Putnam  gneiss ;  and,  if  so, 
the  formation  was  originally  of  much  greater  extent,  reach- 
ing southward  perhaps  as  far  as  Long  Island  Sound,  and 
eastward  into  Rhode  Island. 

Plainfield  Quartz  Schist  *  [23]. — ^A  band  of  quartz  schist 
similar  to  that  in  Woodstock  extends  from  the  northeast 
corner  of  Thompson  southward  through  Killingly,  Plain- 
field,  and  Griswold,  east  of  Pachaug  Pond,  and  into  North 


*  The  geological  formations  in  southern  Windham  and  in  northern  New  London 
county  have  been  studied  by  Dr.  G.  P.  Loughlin.  During  the  summer  of  1904  Dr. 
Loughlin  was  assistant  on  the  Connecticut  Survey,  and  later  undertook  a  special 
investigation  of  the  Preston  gabbro-diorlte  and  adjoining  formations.  Through  the 
kindness  of  Dr.  Loughlin  free  use  has  been  made  of  his  notes  and  manuscript  in  pre- 
paring the  descriptions  of  the  rocks  of  that  region,  especially  of  the  Plainfield  quartz 
schist,  the  Sterling  erranite-gneiss,  the  Lantern  Hill  quartz  rock,  and  the  Preston 
gabbro-diorite. 
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Stonington,  while  a  shorter  band  lies  parallel  to  it  in  Volun- 
town  as  far  south  as  Pendleton  Hill,  and  is  separated  from 
the  larger  area  by  an  intrusive  mass  of  porphyritic  granite. 
Throughout  its  entire  extent  the  rock  is  highly  quartzose, 
but  varies  in  its  texture  from  a  finely  divided  quartz  schist 
to  an  almost  massive  quartzite,  and  again  to  a  dark  colored 
rock  resembling  slate.  The  slaty  variety  occurs  in  the 
vicinity  of  Pachaug  Pond,  and  is  less  resistant  to  the  weather 
than  the  lighter  colored  rock  which  is  typically  exposed  in 
northern  Plainfield  and  at  Pendleton  Hill.  Farther  to  the 
south  the  quartz  schist  becomes  finer  in  texture  and  more 
resistant ;  and  where  it  appears  at  Ashwillet,  or  better  yet  at 
Barnes  Hill,  the  rock  is  so  dense  and  silicious  that  it  might 
be  called  a  quartzitic  homstone. 

South  of  Barnes  Hill  and  Prentice  Mountain,  the  quartz- 
itic hornstone  fades  out  into  scattered  outcrops,  and  is  not 
found  south  of  the  northern  end  of  Swantown  Hill ;  but  it  is 
possible  that  a  continuation  of  this  formation  is  found  in  a 
small  outcrop  of  hornstone  with  well  developed  slaty 
cleavage,  about  half  a  mile  north  of  Lantern  Hill. 

Outcrops  of  the  eastern  band  of  the  quartz  schist  are  not 
found  south  of  Pendleton  Hill;  but  the  location  of  sharp, 
angular  bowlders  is  such  as  to  prove  its  continuance  south- 
westward  to  the  northern  border  of  Wyassup  Lake ;  while 
outcrops  west  of  the  lake  show  a  gradation  from  the  light 
quartzitic  rock  to  the  coarser,  gray  quartz-biotite  schist  of 
the  lower  part  of  the  Putnam  series,  which  becomes  lost  in 
the  Sterling  granite-gneiss.  Another  noteworthy  band  of 
the  quartz-biotite  schist  can  be  followed  for  two  miles  or 
more  along  the  road  running  east  from  North  Stonington 
village. 

In  certain  localities  feldspar  occurs  as  a  constituent  of 
the  quartz  schist,  giving  the  appearance  of  a  fine  arkose  or 
even  of  a  granite.  In  fact,  through  parts  of  Plainfield  the 
distinction  in  the  field  between  the  quartz  schist  containing 
feldspar,  and  the  fine,  aplitic  contact  phase  of  the  Sterling 
granite-gneiss,  is  very  difficult,  and  the  position  of  the 
boundary  of  these  formations  is  accordingly  uncertain. 
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As  regards  stratigraphic  position,  the  Plainfield  quartz 
schist  seems  to  be  part  of  a  series  which  includes  the  Putnam 
gneiss.  North  of  Lantern  Hill  the  slaty  homstone  schist 
grades  into  the  fine,  black  schist  of  the  Putnam  gneiss 
series,  which  suggests  a  conformable  relation  between  the 
two  rocks.  This  relation  is  also  shown  in  the  vicinity  of 
Pendleton  Hill,  where  the  quartz  schist  underlies  the  biotite 
schist,  and  again  is  underlain  by  a  similar  rock,  giving  rise 
to  the  belief  that  the  Plainfield  quartz  schist,  instead  of  be- 
ing an  independent  formation,  is  only  a  prominent  and 
clearly  marked  variation  of  the  Putnam  formation.  The 
Plainfield  quartz  schist  seems  to  lie  near  the  base  of  the  Put- 
nam series,  and  to  be  the  oldest  sedimentary  formation  in 
this  region.  Additional  evidence  of  its  age  is  afforded  by 
the  fact  that  it  contains  intrusions  of  the  Sterling  gjanite- 
gneiss,  sheets  of  granodiorite,  and  stringers  from  the  Preston 
bathylith. 

Sterling  Granite-gneiss'*'  [24] . — ^The  eastern  border  of  the 
state  from  East  Killingly  southward  is  occupied  by  an  area 
of  granite-gneiss,  which  has  a  further  extension  northward 
through  Rhode  Island  and  Massachusetts.  It  also  extends 
in  an  elongated  area,  between  the  Putnam  and  Mamacoke 
formations,  through  the  extreme  northern  parts  of  Ledyard 
and  Montville.  The  Sterling  formation  is  made  up  of  two 
distinct  types:  a  porphyritic  gneiss,  with  an  abundance  of 
biotite  along  the  foliation  planes ;  and  an  aplite,  or  a  gran- 
ite-gneiss practically  free  from  mica.  The  porphyritic  type 
is  always  highly  gneissoid,  and  the  phenocrysts  are  drawn 
out  into  lenticular  forms.  These  phenocrysts  are  of  pink 
feldspar,  and  in  some  places  attain  a  considerable  length; 
elsewhere  they  are  scarcely  distinguishable  from  the  g^9und- 
mass.  In  the  latter  case,  the  rock  shades  into  a  normal 
granite,  which,  as  far  as  mineral  composition  goes,  is  in- 
termediate between  the  porphyritic  and  the  aplitic  types. 

The  aplitic  type  is  probably  a  later  intrusion  than  the 
porphyritic  and  normal  types,  since  fine  aplite  dikes  or 
stringers  are  sometimes  found  cutting  the  porphyritic  rock. 

*  See  note  on  page  13a. 
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While  these  dikes  are  fine-grained,  the  aplite  often  forms 
large  masses  showing  a  medium  and  sometimes  even  a 
coarse  grain.  These  masses  are  best  shown  in  northern  Led- 
yard,  North  Stonington,  and  northeastern  Griswold.  The 
rock  consists  principally  of  quartz  and  feldspar,  with  fre- 
quent grains  of  magnetite,  sometimes  in  fairly  distinct 
octahedral  crystals  scattered  evenly  through  the  mass. 
Both  biotite  and  muscovite  may  be  present  or  absent,  but 
biotite  is  almost  never  prominent.  When  biotite  is  present, 
the  rock  is  usually  rather  fine-grained,  and  appears  to  grade 
into  the  normal  type.  Muscovite  in  considerable  amount  is 
practically  limited  to  the  outcrops  of  highly  g^eissoid  and 
sheared  rock  —  a  condition  which  strongly  suggests,  for 
part  of  it  at  least,  a  secondary  origin  due  to  dynamic  met- 
amorphism.  Though  a  gneissoid  structure  is  always  more 
or  less  developed  in  the  aplite,  the  variety  destitute  of  mica 
has  often  a  massive  appearance,  especially  when  seen  across 
the  planes  of  foliation. 

In  certain  places  where  pressure  and  shearing  were  par- 
ticularly strong,  the  rock  of  both  types  is  highly  contorted, 
and  even  converted  into  a  muscovite  schist  by  the  effect  of 
pressure  on  the  feldspar.  These  sheared  places  are  often 
accompanied  by  segregations  of  quartz,  which,  in  some 
instances,  has  probably  developed  at  the  expense  of  the 
feldspar.  Both  types  are  injected  by  pegmatite  of  the  same 
general  composition  as  the  aplite;  and  in  several  places 
the  typical  pegmatite  can  be  traced  into  veins  of  gray,  rather 
smoky  quartz,  which  branch  and  continue  as  veinlets  in  the 
granite. 

The  general  color  of  the  granite-gneiss  is  pink  to  red, 
although,  in  some  regions,  where  exposed  in  fresh  cuts  and 
quarries,  it  is  light  to  medium  gray.  The  color  depends 
largely  on  the  oxidation  of  the  iron  in  the  feldspar,  and 
on  the  amount  of  the  mica  present.  The  pink  color  in  the 
phenocrysts  of  the  porphyritic  type,  and  of  the  feldspar  of 
the  aplitic  and  pegmatitic  types  is  evidently  original,  for 
fresh  exposures  show  just  as  high  a  color  as  the  weathered 
outcrops ;  and,  in  places,  the  weathered  surfaces  have  even 
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become  whitened  by  conversion  of  the  feldspar  into  kaolin. 
But,  where  the  phenocrysts  are  hot  prominent,  the  pink 
color  is  evidently  due  to  superficial  oxidation,  and  is  found 
only  in  weathered  specimens.  The  unaltered  rock  in  such 
cases  is  gray  in  color,  as  is  well  shown  in  the  large  quarry 
at  Oneco  in  Sterling. 

With  the  exception  of  pegmatite  injections,  the  Sterling 
granite  is  free  from  intrusions,  except  in  the  vicinity  of 
Long  Island  Sound.  In  the  region  from  Westerly  to  Groton 
there  are  large  dikes  of  fine  Westerly  granite,  which  is,  or 
has  been,  quarried  at  several  places.  At  Westerly,  both  the 
fine  Westerly,  and  the  Sterling,  or  "  red  Westerly,"  granite 
are  quarried ;  but  the  amount  of  the  Sterling  granite  is  much 
less  than  that  of  the  famous  fine-grained  Westerly. 

That  the  Sterling  granite-gneiss  is  of  igneous  origin  is 
beyond  a  doubt,  as  both  the  porphyritic  and  the  aplitic 
type  show  the  characteristics  of  granitic  masses.  Further- 
more, basic  segregations  or  schlieren,  which  are  further 
evidence  of  igneous  origin,  are  often  found  in  the  quarries, 
drawn  out  in  the  plane  of  foliation ;  and  still  further  proofs 
are  found  in  the  frequent  occurrence  of  isolated  masses  of  the 
older  Putnam  gneiss  included  in  the  granite,  and  in  the 
abundance  of  sheets  of  Sterling  granite-gneiss  intruded  into 
the  Putnam  formation,  and  diminishing  in  size  the  farther 
they  extend  from  the  parent  mass.  In  fact,  the  Sterling 
granite-gneiss  is  believed  to  be  a  bathylith  underlying  a 
large  section  of  eastern  and  southeastern  Connecticut,  and 
coming  to  the  surface  in  a  number  of  localities  mapped  sep- 
arately as  granite  outcrops  and  hills.  Whether  or  not  the 
Sterling  granite-gneiss  is  related  to  the  Canterbury  granite- 
gneiss  or  to  any  of  the  granite-gneisses  along  Long  Island 
Sound  is  not  yet  definitely  known ;  but  intrusive  sheets  oc- 
cur as  far  west  as  Norwich,  if  not  farther,  and  the  aplitic 
type  has  been  traced  westward  across  the  Thames  River  and 
on  into  Salem. 

Lantern  Hill  Quartz  Rock  [24a]. —  At  Lantern  Hill, 
North  Stonington,  occurs  an  enormous  mass  of  quartz, 
showing  itself  topographically  as  a  conspicuous  elevation. 
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The  range  is  1,000  to  1,500  feet  in  width,  and  fully  a  mile  in 
leng^,  extending  from  the  southern  end  of  Long  Hill  to  the 
relatively  low  hill  north  of  Lantern  Hill,  and  descending  into 
the  narrow  east-west  valley  beyond.  The  summit  of  Lan- 
tern Hill  rises  520  feet  above  the  sea,  and  over  400  feet  above 
the  surrounding  country.  The  walls  of  the  hill  are  nearly 
vertical,  for  a  distance  of  200  to  300  feet  down  from  the  top, 
while  the  base  is  surrounded  by  talus  slopes  of  large  quartz 
bowlders. 

The  true  nature  of  the  formation  is  not  easily  determined 
without  a  study  of  the  surrounding  country.  The  rock  all 
around  it  is  the  aplitic  Sterling  granite-gneiss,  which  strikes 
nearly  east  and  west,  while  the  trend  of  the  quartz  range  va- 
ries from  N.I  5°  E.  on  Long  Hill  to  due  north  on  Lantern  Hill. 
The  whole  range  of  hills  is  composed  of  milky  quartz,  with 
its  surface  usually  roughened  by  frost  action,  and  preserving 
evidence  of  close  jointing  in  a  direction  varying  from  due 
north  to  N.  20°  E.  To  all  appearance  Lantern  Hill  is  an 
enormous  simple  quartz  vein ;  but  the  hill  north  of  the  main 
mass,  and  also  Long  Hill,  present  evidences  of  a  more  com- 
plicated structure.  In  these  places  the  quartz. is  distinctly 
foliated,  often  with  sericitic  or  slightly  chloritic  mica  along 
the  planes  of  schistosity.  The  rock  as  a  whole  is  porous 
and  often  mottled  with  rusty  spots,  and  lacks  cohesive 
strength,  save  for  the  numerous  veins  of  pure  white  quartz, 
which  traverse  the  porous  material  and  form  an  intricate 
network.  The  larger  white  veins,  usually  extending  in  a 
north  and  south  direction,  are  connected  by  numerous 
smaller  veinlets,  which  diminish  in  size  until  they  are  hardly 
visible.  The  veins  thicken  in  places,  and  branch  until,  when 
veinlets  are  sufficiently  numerous,  practically  the  whole  rock 
is  impregnated  with  the  vein  material,  forming  a  mass  of 
white  quartz  such  as  appears  in  the  crest  of  Lantern  Hill. 

At  the  summit  of  Long  Hill,  where  the  surface  of  the 
ledge  has  been  protected  from  frost  action,  the  foliation  of 
the  porous  quartz  strikes  in  the  same  direction  as  that  of 
the  aplitic  granite  which  surrounds  the  hill.  This  fact 
suggests  the  probability  that  the  porous  rock  was  originally 
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aplite,  in  which  the  feldspar  has  been  destroyed  and  more 
or  less  completely  replaced  by  other  minerals.  Where  re- 
placement was  not  complete,  kaolin  and  ferric  oxide  were 
left,  staining  the  rock  in  the  places  originally  occupied  by 
the  feldspar.  At  the  surface,  the  kaolin  and  iron  rust  have 
been  removed  by  rain  water,  leaving  the  ridges  of  original 
quartz,  perhaps  reinforced  by  infiltrated  silica,  and  held  to- 
giether  by  the  series  of  branching  veins  whose  general  trend 
is  transverse  to  the  foliation. 

Many. of  the  veins  are  full  of  pockets  ("vugs"),  lined 
with  small,  finely  developed  quartz  crystals;  and  a  comb 
structure  is  also  a  common  development  The  structure  of 
the  whole  formation  is  excellently  shown  at  the  Silex  mine, 
situated  near  the  southern  end  of  Long  Hill.  Her^  the  comb 
structure  and  pockets  occur  in  distinct  veins,  which  are 
often  very  close  together,  and  connected  by  branches.  Be- 
tween the  adjacent  veins  is  powdery  quartz,  which  can  be 
mined  with  pick  and  shovel,  without  the  aid  of  blasting. 
The  wash  of  rain  water  often  brings  the  comby  veins  into 
relief,  showing  the  true  character  of  the  formation.  The 
powdery  quartz  at  the  mine  is  quite  free  from  iron  stains, 
but  frequently  shows  greenish  micaceous  particles.  The 
veins  forming  the  comb  structure  evidently  follow  a  series 
of  joints  and  minor  fractures. 

The  contact  between  the  quartz  mass  and  the  aplite  is 
hidden  by  talus,  but  fragments  occurring  near  the  contact 
appear  to  be  aplitic  granite  in  which  part  of  the  feldspar  has 
been  replaced  by  quartz.  More  satisfactory  evidence  as  to 
the  nature  of  these  quartz  masses  is  furnished  by  outcrops 
on  Swantown  Hill  and  also  near  Glasgo  village.  On  the 
northern  end  of  Swantown  Hill  and  also  on  the  hill  lying 
west  of  it  occurs  a  network  of  veins,  occasionally  with  comb 
structure  developed.  The  rock  between  the  veins  closely 
resembles  the  fine-grained  Sterling  aplite.  Another  ledge, 
north  of  the  village  of  Glasgo  and  a  little  south  of  the  Whip- 
ple homestead,  shows  ramifying  qtiartz  veins  in  schistpse 
aplite,  the  larger  veins  following  the  foliation  planes. 
Here  all  stages  may  be  traced  from  pure  quartz  to  unaltered 
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aplite,  with  intervening  stages  of  porous  quartz  and  highly 
silicified  aplite.  The  weathered  surface  where  replacement 
is  incomplete  is  like  that  seen  on  the  top  of  Long  Hill,  the 
chief  difference  here  being  that  the  planes  of  schistosity 
trend  northward,  parallel  to  the  veins,  while  at  Long  Hill 
they  trend  nearly  eastward,  at  a  high  angle  to  the  veins.  In 
the  Glasgo  locality,  and  likewise  south  of  Long  Hill,  large 
pegmatite  masses  are  associated  with  the  quartz  veins.  In 
these  cases,  however,  the  comb  structure  is  absent. 

The  data  at  hand  warrant  the  conclusion  that  Lantern 
Hill  was  formerly  a  granitic  mass,  which  has  been  converted 
into  quartz  by  an  alteration  of  the  minerals  in  the  granite, 
and  by  the  addition  of  silica  from  quartz-bearing  solutions 
entering  the  rock.  The  solutions  laden  with  quartz  might 
have  entered  the  granite  prior  to  the  time  when  jointing  was 
produced,  and  a  formation  of  quartz  veins  might  have  been 
the  final  stage  of  the  process  by  which  the  pegmatite  lying 
south  of  the  hill  was  intruded.  It  seems  more  probable, 
however,  that  the  heated  waters  carrying  quartz  entered  the 
region  after  joints  had  been  developed,  and  that  the  joints 
afforded  access  to  the  ascending  solution.  This  theory  is 
borne  out  by  the  fact  that  the  veins  are  not  ruptured,  and 
that  they  follow  the  direction  of  jointing.  It  is  believed  that 
the  solutions  ascended  through  the  joints  and  minor  frac- 
tures of  the  shattered  rock  and  impregnated  the  solid  frag- 
ments, dissolving  the  bases  from  the  feldspar  and  depositing 
silica.  Where  replacement  was  complete,  the  alumina  and 
iron  must  also  have  been  carried  away.  The  subsequent 
percolation  of  ground  water  would  tend  to  carry  mechanic- 
ally the  kaolin  through  the  porous  rock,  and,  where  exposed, 
the  kaolin  would  be  quickly  carried  away,  leaving  almost 
pure  quartz  grains.  An  analysis  of  the  rock  from  Lantern 
Hill  showed  about  98%  of  silica.  The  few  scales  of  mica- 
ceous matter  present  may  be  an  original  constituent  of  the 
aplite,  or  a  secondary  product  formed  by  the  action  of  the 
heated  solution  on  the  original  feldspar.* 

•  For  a  different  explanation  of  Lantern  Hill,  see  Kemp,  in  Trans  N.  Y.  Acad. 
Set'.,  Aug.  3,  X896. 
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WilUmantic  Gneiss  [25]. —  With  the  city  of  Willimantic 
as  a  center,  and  extending  about  four  miles  in  all  directions, 
there  is  an  area  of  gneiss  consisting  of  alternating  dark  and 
light  bands.  This  formation  is  well  exposed  in  the  river  at 
Willimantic,  and  has  been  used  in  building  the  dams  and 
mills  in  this  region.  The  boundary  of  the  gneiss  has  been 
drawn  arbitrarily,  and  the  entire  formation  might  be  con- 
sidered as  the  more  granitic  part  of  a  wide  area  of  schistose 
gneiss.  In  general  the  rock  is  coarse-grained  and  oftentimes 
even  porphyritic  in  structure,  usually  considerably  crumpled 
and  folded.  In  the  quarries  about  Willimantic  two  varieties 
appear,  called  respectively  the  light  and  the  dark  "  stock." 
The  dark  variety  has  relatively  a  small  amount  of  feldspar 
and  quartz,  with  a  large  amount  of  biotite  and  some  horn- 
blende. The  light  stock  is  granitic  in  texture,  and  contains 
quartz,  feldspar,  and  biotite  in  proportions  of  normal  gran- 
ite. The  porphyritic  variety  seems  to  have  been  produced 
by  the  injection  of  quartz  and  feldspar,  much  after  the  man- 
ner of  the  Putnam  gneiss ;  and,  indeed,  parts  of  the  Willi- 
mantic gneiss  present  the  pseudo-conglomerate  appearance 
possessed  by  the  Putnam.  Pegmatite  veins  are  found  in  this 
formation;  also  veins  of  coarse,  reddish  granite,  such  as 
was  formerly  obtained  from  the  Stone  Hill  quarry.  There 
is  little  evidence  in  the  field  to  indicate  the  origin  of  the 
Willimantic  gneiss,  but  it  is  considered  as  the  more  injected 
part  of  the  surrounding  schists. 

Hebron  Gneiss  [26]. —  The  Hebron  gneiss  forms  an  ir- 
regular band  almost  completely  enclosing  the  Willi- 
mantic gneiss.  It  begins  as  a  narrow  belt  running  through 
Eastford,  Ashford,  and  Mansfield,  and  increases  in  width  to 
five  miles  through  Coventry  and  Andover;  it  continues 
south  through  Hebron,  Marlboro,  Chatham,  and  East  Had- 
dam;  thence  eastward  through  Colchester  and  Lebanon. 
Typical  exposures  are  found  south  of  Coventry  village,  east 
of  Gilead,  in  the  vicinity  of  the  Lyman  viaduct,  and  at 
Moodus. 

Throughout  its  entire  extent  the  Hebron  gneiss  shows  a 
great  variety  of  character  in  both  the  composition  and  the 
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Structure  of  the  rock.  It  varies  from  granitic  gneiss  to 
highly  fissile  schist,  and  it  is  only  when  the  whole  area  is 
taken  into  account  that  the  term  gneiss  seems  appropriate. 
Where  typically  developed,  as  at  Moodus  and  Coventry,  the 
rock  is  a  fine-grained  gneiss,  with  usually  a  relatively  small 
amount  of  feldspar.  The  biotite  is  often  altered  to  chlorite, 
and  in  places  has  a  purplish  tinge ;  it  often  gives  the  whole 
rock  a  peculiarly  silky  luster.  The  rock  weathers  readily; 
and  a  large  amount  of  quartz  is  present,  which,  on  exposed 
surfaces,  gives  it  the  appearance  of  sandstone.  Quite  gener- 
ally the  rock  contains  small  quantities  of  pyrite,  which,  on 
decomposition,  exhibits  in  places  a  sulphur-yellow  color, 
and  is  called  locally  **  sulphur  rock."  Along  its  western  and 
northern  borders  the  Hebron  gneiss  grades  into  the  Brim- 
field  schist,  and  occasionally  contains  bands  of  sillimanite 
schist.  Where  the  formation  approaches  the  Willimantic 
gneiss,  it  is  apt  to  be  much  more  gneissoid  in  character  and 
much  more  highly  feldspathic.  Beds  of  gray  gneissoid  gran- 
ite occur  as  intrusions  in  the  Hebron  gneiss,  and  areas  of 
porphyritic  granite  are  frequently  present.  Pegmatite  veins — 
large  and  small  —  are  of  common  occurrence  in  the  rock, 
particularly  toward  the  southwest.  In  Hebron  small  areas 
of  muscovite-garnet  granite  are  found  as  intrusions.  In 
this  formation,  taken  as  a  whole,  intrusions  of  amphibolite 
are  comparatively  rare,  but  they  nevertheless  occur,  as  also 
do  seams  of  light  green,  fine-grained  pyroxene  rock.  The 
Hebron  gneiss  grades  into  the  Willimantic  gneiss  on  one  side 
and  into  the  Scotland  and  Brimfield  schists  on  the  other; 
thus  the  boundary  lines  of  the  formation  are  not  to  be  con- 
sidered as  separating  rock  of  completely  different  character. 

Scotland  Schist  [27]. —  This  formation  covers  the  town 
of  Scotland,  and  extends  southward  through  Franklin  to 
Bozrah.  From  this  town  it  extends  westward,  occupying 
a  large  part  of  Colchester  and  East  Haddam.  The  Scotland 
schist  is  a  coarse  muscovite  schist,  squeezed  into  minute 
folds  as  the  result  of  metamorphism.  It  consists  practically 
of  a  mass  of  muscovite,  with  some  biotite,  and  occasionally 
garnet  and  quartz.    The  quartz  usually  occurs  in  seams  or 
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lenses  an  inch  or  less  in  width,  and  with  it  are  associated 
small  quantities  of  chalcopyrite.  Rarely  specimens  of  Scot- 
land schist  are  found  which  contain  sillimanite,  the  charac- 
teristic mineral  of  the  Brimfield  schist.  The  Scotland  schist 
does  not  commonly  possess  stringers  and  bosses  of  granite, 
though  isolated  outcrops  of  a  gneissoid  granite  occur.  It  is, 
however,  full  of  pegmatite  veins  of  all  sizes,  as  may  be  seen 
in  exposed  ledges,  and,  even  more  plainly,  in  the  abundance 
of  pegmatite  bowlders  scattered  through  the  southern  part 
of  Scotland.  The  railroad  cut  east  of  Pautipaug  Hill  shows 
the  schist  filled  with  large  and  small  pegmatite  veins,  usually 
interbedded,  and  a  g^ay  gneissoid  granite  underlying  it.  The 
western  extension  of  this  formation  in  Colchester  and  East 
Haddam  exhibits  much  of  a  fine-grained  biotite  gneiss  which 
forms  the  characteristic  rock  in  the  Hebron  gneiss,  and  it 
seems  probable  that  the  Scotland  and  Hebron  grade 
into  each  other.  It  is  believed  that  the  Scotland  schist 
is  older  than  the  Willimantic  gneiss,  and  probably  conform- 
able with  the  Putnam  gneiss  to  the  east. 

Canterbury  Granite-gneiss  [28]  .^—  The  entire  area  of  the 
crystalline  metamorphic  rocks  on  the  east  side  of  the  Trias- 
sic  is  injected  by  granite,  either  massive,  or  developed  as 
gneiss.  Usually  the  intrusions  are  small  dikes  or  lenses. 
The  Canterbury  granite-gneiss,  however,  is  a  larger  area, 
and  extends  for  a  distance  of  fifteen  miles  through  Pomfret, 
Brooklyn,  Hampton,  and  Canterbury.  Smaller  detacfied 
areas  occur  farther  south  in  Sprague,  Franklin,  and  adjoin- 
ing towns.  This  formation  consists  essentially  of  a  musco- 
vite-biotite  gneiss  varying  from  a  rock  of  fine  and  even 
grain  to  one  of  porphyritic  texture,  with  feldspar  crystals  a 
quarter  of  an  inch  in  length.  Metamorphism  has  produced 
irregular  wavy  bands  of  biotite,  separated  by  flattened  layers 
of  quartz  and  feldspar.  At  the  "  Wolf  Den  "  in  Pomfret  the 
rock  is  somewhat  schistose,  and  in  other  places  it  grades  into 
a  true  mica  schist.  In  the  region  of  Westminster  it  has  been 
quarried,  and  seems  to  be  quite  suitable  for  flagging  and 
rough  stonework. 
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Middletown  Gneiss'*'  [29]. — Between  the  Bolton  schist 
and  the  Haddam  gneiss  is  an  irregular  band  of  rock  which 
should  be  separated  petrographically  from  the  area  of  Had- 
dam granite-gneiss  which  it  almost  surrounds.  This  is  the 
Middletown  gneiss,  called  by  Percival  the  "  anthophyllitic 
formation,"  and  represented  by  him  as  completely  encircling 
the  Haddam  area.  The  formation  is  not  marked  by  any 
one  petrographic  type,  but  by  a  variety  of  different  rocks. 
One  general  characteristic  is  the  presence  of  hornblende  in 
small  grains,  or  more  usually  in  long  prisms  or  stellar  aggre- 
gates of  prisms.  A  granulitic  structure  is  another  feature 
which  many  of  the  rocks  possess,  and  the  outcrops  quite 
generally  present  an  unusually  rusty  color  on  the  weathered 
surface.  There  is,  however,  a  variety  of  types  even  in  the 
same  outcrop. 

The  dominant  type  of  rock  is  a  hornblende  gneiss  thor- 
oughly injected  with  amphibolite  and  granitic  seams  and 
lenses.  The  rock  where  least  injected  is  a  fine-grained,  light 
g^ay  to  greenish,  thin-bedded  gneiss  which  has  the  follow- 
ing mineralogical  composition :  —  a  granulitic  base  of  ortho- 
clase,  plagioclase,  and  quartz,  in  which  lie  blades  and  ir- 
regular prisms  of  hornblende.  There  is  some  biotite,  and  a 
little  titanite,  garnet,  magnetite,  chlorite,  and  apatite. 
Tremolite  occurs  in  some  slides.  The  black,  thin-bedded 
variety  of  gneiss,  with  well  developed  schistosity,  is  a  typ- 
ical amphibofite,  and  is  believed  to  be  intrusive.  The  origin 
and  age  of  the  Middletown  gneiss,  and  its  relation  to  the 
other  formations,  have  not  been  determined,  but  it  seems 
probable  that  this  heterogeneous  g^oup  of  rock  types  repre- 
sents the  contact  zone  between  the  Haddam  granite-gneiss 
and  the  surrounding  formations.  So  abundant  are  the  peg- 
matite intrusions  in  this  area  that  the  top  of  Bear  Hill  shows 
almost  no  other  rock  exposed. 

Maromas  Granite-gneissf  [30]. —  The  Maromas  granite- 
gneiss  occupies  both  sides  of  the  Connecticut  River,  forming 

*See  note  on  page  1x5. 

t  See  Westgate,  A  Granite-gneiss  in  Central  Connecticut y  in  Journal  of  Geolojrv, 
vol.  VII,  p.  638.  •'  ^'^'''sy% 
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an  oval  area,  with  a  narrow  arm  extending  northward.  The 
rock  exposed  in  the  Maromas  quarries  is  a'  biotite  gneiss  of 
medium  to  fine  grain,  varying  in  color  with  the  amount  of 
biotite  present.  It  is  massive  in  some  places,  but  usually 
well  foliated,  and  the  presence  of  joint  planes  parallel  with 
the  foliation  gives  the  rock  a  bedded  appearance.  The 
composition  of  the  gneiss  as  revealed  by  the  microscope  is 
orthoclase,  an  acid  plagioclase,  quartz,  biotite,  microcline, 
with  accessory  titanite,  magnetite,  apatite,  and  rarely  horn- 
blende. There  is  evidence  of  a  slight  amount  of  crushing. 
Frequently,  as  along  the  northeastern  border  of  this  area, 
this  formation  becomes  a  decided  "  augen-gneiss,"  with 
sub-porphyritic  aggregates  of  white  and  pink  feldspar  aver- 
aging three-quarters  of  an  inch  in  length.  The  augen 
sometimes  show  pink  cores  with  white  rims.  It  seems 
probable  that  these  cores  are  parts  of  the  original  crystal- 
lization of  the  rock,  and  that  the  gneissoid  structure  was  in 
part  produced  before  the  rock  was  completely  solidified. 
With  the  exception  of  the  presence  of  augen,  this  variety 
does  not  differ  mineralogically  from  the  type  shown  in  the 
Maromas  quarries.  Lenticular  and  linear  patches  of  dark 
colored  rock  (schlieren)  are  common  in  the  gneiss,  and  are 
composed  of  the  same  minerals  and  have  the  same  structure 
as  the  lighter  gneiss,  except  that  hornblende  replaces  quartz. 
A  granulitic  facies  is  developed  for  a  mile  along  the  western 
border  and  for  a  somewhat  greater  distance  about  its  southern 
end.  This  is  a  fine-grained,  light  gray  or  brownish  rock  of 
sugary  texture,  composed  of  orthoclase,  plagioclase,  micro- 
cline, quartz,  and  usually  garnet.  The  granulite  does  not 
have  the  character  of  a  crushed  granite,  but  seems  to  be  an 
endomorphic  modification  of  the  granite  gneiss  in  contact 
with  the  surrounding  rocks.  Granulite  occurs  also  with  pcg- 
tite  veins  and  as  dikes  in  the  granite  gneiss. 
The  Maromas  granite-gneiss  is  eruptive  and  intruded 
D  the  Bolton  schist,  as  is  shown  by  the  following  facts: 
the  gneiss  often  cuts  across  the  foliation  of  the  schist  and 
ds  tongues  into  it,  and  the  contact  is  frequently  irregular; 
agents  and  sheets  of  the  surrounding  schist,  often  with 
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the  minute  crumplings  intact,  occur  as  inclusions  in  the 
gneiss. 

Extending  from  a  mile  below  Middle  Haddarp  to  South 
Glastonbury  is  a  belt  of  rock  about  a  quarter  of  a  mile  wide, 
which  is  quite  different  in  field  appearance  from  the  typical 
Maromas  gneiss.  Very  dark  biotite  gneisses  and  amphib- 
olites  are  characteristic  of  this  area.  Some  of  these  more 
basic  rocks  seem  to  be  part  of  the  original  molten  mass,  but 
many  of  the  amphibolites  are  later  intrusions.  .  So  abundant 
are  these  hornblendic  eruptives  that  no  attempt  is  made  to 
distinguish  them  on  the  map.  Pegmatite  veins,  mostly 
from  a  few  inches  to  ten  feet  in  width,  occur  abundantly  in 
the  gneiss. 

Haddam  Granitcfgneiss  [31]. —  This  granfte-gneiss  oc- 
cupies an  area,  triangular  in  form,  *with  its  base  near  the 
Sound  and  its  apex  on  the  Connecticut  River  north  of  Hig- 
ganum,  and  forms  a  large  part  of  the  country  between  the 
Sound,  the  river,  and  the  eastern  border  of  the  Triassic 
sandstone. 

The  typical  rock  of  the  area  is  well  exposed  about  Hig- 
ganum  on  both  sides  of  the  Connecticut.  It  is  a  light  col- 
ored, rather  fine-grained  granitic  aggregate  of  quartz  and 
feldspar,  through  which  are  scattered  small  isolated  flakes 
of  biotite,  which  give  an  indistinct  foliation  to  the  rock. 
Hornblende  is  sometimes  present  in  addition  to  the  biotite. 
Plagioclase  is  present,  but  is  less  abundant  than  the  ortho- 
clase.  Small  garnets  are  common.  In  most  of  the  outcrops 
the  rock  is  a  moderately  thick-bedded  gneiss,  and  usually 
crumbles  readily  on  weathered  surfaces. 

About  a  half-mile  inside  the  northern  boundary  of  the 
area,  and  with  a  direction  roughly  parallel  to  its  border,  is  a 
belt  of  hornblende  gneiss  and  amphibolite,  which  separates 
the  granite-gneiss  described  above  from  a  belt  of  darker, 
thinner-bedded  gneisses,  which  are  at  a  number  of  places 
quarried  for  flagstones,  and  which  comprise  the  outer  zone 
of  the  Haddam  gneiss.  This  belt  of  hornblende  gneisses 
cannot  be  traced  for  more  than  a  mile  from  the  river  either  to 

10 


Digitized  by  VjOOQIC 


146  CONNECTICUT  GEOL.  AND  NAT.  HIST.  SURVEY.        [Bull. 

the  west  or  east,  and  the  difference  in  the  granitic  gneisses 
north  and  south  of  it  is  probably  merely  a  local  vari- 
ation, without  stratig^aphic  importance.  This  flagstone 
facies  of  the  Haddam  is  well  shown  in  the  small  quarries 
near  the  river  two  miles  north  of  Higganum.  The  rock  is  a 
dark  gray,  quite  micaceous,  well  foliated  gneiss.  Horn- 
blende is  usually  present,  but  in  less  amount  than  the  bio- 
tite,  though  in  one  or  two  localities  it  is  the  more  abundant 
of  the  two  minerals.  Orthoclase  is  more  abundant  than 
plagioclase.  Quartz  is  present,  and  magnetite,  apatite,  and 
garnet  occur  in  small  quantities  as  accessories. 

At  Walkley  Hill  a  homblendic  rock  occurs  in  the  Had- 
dam granite-gneiss,  in  the  same  relative  position  as  the  band 
farther  north,  and  is  possibly  the  continuation  of  that  band. 
West  of  the  river,  to  the  north,  this  amphibolite  can  be 
traced  for  nearly  a  mile.  The  strike  of  the  foliation  or 
banding  in  the  northern  part  of  the  Haddam  gneiss  is  par- 
allel with  the  border  of  the  formation.  The  dip  is  every- 
where toward  the  border.  From  its  composition  and  field 
relations  it  is  inferred  that  the  Haddam  gneiss  is  probably 
of  Igneous  origin. 

Branford  Granite-gneiss  [32]. —  This  gneiss  occupies  a 
narrow  area  along  the  shore  of  the  Sound,  extending  from 
Lighthouse  Point  on  the  east  side  of  New  Haven  harbor,  to 
Haycock  Point  some  twelve  miles  farther  east.  On  the 
north  it  is  bounded  by  the  Triassic  sandstone  and  Middle- 
town  gneiss,  while  the  Stony  Creek  granite-gneiss  forms  the 
eastern  boundary.  Its  area  is  about  twelve  square  miles. 
The  best  exposures  are  in  the  railroad  cut,  a  half-mile  west 
of  Pine  Orchard  station.  The  rock  is  a  medium-grained 
granite,  with  a  banded  structure,  consisting  very  largely  of 
white  feldspar.  In  the  feldspars  are  imbedded  small  round 
quartz  grains,  having  a  slightly  brownish  tint,  and  biotite 
is  present  in  about  equal  amount.  Small  reddish  garnets  are 
commonly  found  in  the  rock,  though  at  times  they  may  en- 
tirely fail.  The  rock  throughout  has  a  pronounced  tendency 
to  weather  with  a  brownish  stain  on  the  cleavage  surfaces  of 
the  feldspar.    It  is  strongly  injected  with  pegmatite;   and 
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in  places  evident  traces  of  a  gneiss  infolded  in  the  granite 
and  pegmatite  are  to  be  seen,  as  along  the  shore  between 
Pine  Orchard  and  Indian  Neck.  The  gneissic  structure  of 
the  rock  is  not  uniform ;  at  some  localities,  as  at  Lighthouse 
Point,  it  is  quite  indistinct,  and  the  rock  has  much  the  ap- 
pearance of  a  true  granite.  Jointing  in  the  rock  is  pro- 
nounced at  all  points,  especially  in  the  western  portion. 

Stony  Creek  Granite-gneiss  *  [33] . —  The  principal  area 
covered  by  this  rock  is  roughly  semicircular  in  outline,  ex- 
tending a  distance* of  six  miles  along  the  shore  from  Haycock 
Point  to  West  River  in  Guilford.  Its  most  northern  point  is 
about  three  and  one-half  miles  inland.  A  much  smaller  area 
is  found  in  the  vicinity  of .  Clinton.  The  rock  presents 
some  diversity  of  type,  but  in  general  may  be  described  as 
follows : —  a  rock  of  grain  medium  to  coarse,  composed  very 
largely  of  flesh-colored  to  pink  orthoclase  crystals,  with 
white  albite,  small  gray  quartz  grains,  muscovite,  and  biotite 
in  subordinate  amounts.  Under  the  microscope,  in  addition 
to  the  above  minerals,  small  magnetite,  apatite,  and  zircon 
crystals  are  seen  to  be  present.  The  red  tone  of  the  rock  is 
due  to  the  predominance  of  the  orthoclase  over  all  other 
minerals.  Variations  in  appearance  are  due  to  differences 
in  the  size  of  the  crystals  composing  the  rock,  which,  al- 
though generally  medium-grained,  is  sometimes  much 
coarser,  and  more  rarely  considerably  finer,  than  the  common 
type.  Differences  in  the  amounts  of  the  red  and  white  feld- 
spars, and  different  degrees  of  segregation  of  the  biotite,  also 
cause  noticeable  variations  in  appearance. 

In  larger  masses  the  rock  commonly  displays  a  banded 
structure,  due  to  the  fact  that  the  different  minerals  are 
separated  more  or  less  completely  from  one  another  in  nar- 
row layers,  ranging  from  a  minute  fraction  to  a  half-inch  in 
thickness.  At  many  points,  also,  the  pink  orthoclase  layers 
show  lens-shaped  enlargements,  which  are  proved  by  the 
microscope  to  be  larger  crystals  (phenocrysts)  or  groups  of 

*The  granitc-cneiss  and  rdated  formations  of  the  Stony  Creek  district  were 
studied  by  Dr.  W.  £.  Ford,  while  associated  with  Professor  Gregory  in  work 
for  the  U.  S.  Geological  Survey.  The  description  here  is  based  largely  on  his 
work. 


Digitized  by  VjOOQIC 


148  CONNECTICUT  GEOL.  AND  NAT.  HIST.  SURVEY.        [Bull. 

crystals  somewhat  crushed  and  drawn  out.  It  is  certain 
that  the  rock  at  some  localities,  especially  at  Hoadley  Point, 
has  been  greatly  squeezed.  This  is  obvious  to  the  eye,  and 
further  evidence  is  obtained  from  thin  rock  sections  when 
studied  with  the  microscope.  There  is  considerable  fine- 
grained red,  rarely  gray,  granite  and  pegmatite  associated 
with  the  Stony  Creek  granite-gneiss,  cutting  it  as  veins. 
The  pegmatite  is  also  developed  as  small  coarse-grained 
areas  in  the  normal  rock.  The  composition  of  these  later 
veins  is  the  same  as  that  of  the  country  rock,  with  the  addi- 
tion of  occasional  pyrite  crystals.  Pegmatite  veins  are  most 
common  near  the  border  of  the  area,  the  g^eat  majority  of 
them  lying  within  a  marginal  zone  a  half-rmile  wide.  There 
are  also  associated  with  this  formation  small  included  masses 
of  a  biotite-hornblende  gneiss.  The  relations  of  the  two 
rocks  are  well  shown  in  the  railroad  cuts.  There  the  gneiss 
above  mentioned,  cut  by  veins  of  the  Stony  Creek  granite- 
gneiss,  and  even  entirely  surrounded  by  it,  furnishes  clear 
proof  that  the  granite-gneiss  is  intrusive  and  younger  than 
the  biotite-hornblende  gneiss. 

The  granite-gneiss  is  decidedly  broken  by  faults  and  joint 
planes.  Certain  of  these  joints  (most  obviously  a  series  of 
horizontal  ones)  are  probably  due  to  the  partial  relaxing 
of  stresses  originally  present  in  the  mass  when  deeply 
buried;  others  are  due  to  later  crustal  movements  which 
extended  over  the  entire  state.'  In  general  the  rock  is  too 
broken  to  be  of  great  value  for  quarrying,  although  there  are 
a  number  of  localities  where  it  is  sufficiently  massive  to 
make  good  building  material. 

Lyme  Granite-gneiss  *  [34] . —  The  area  occupied  by  this 
formation  is  of  irregular  shape,  covering  portions  of  the 
towns  of  Lyme,  Old  Lyme,  and  East  Lyme.  The  boundary 
between  it  and  the  Mamacoke  gneiss  is  fairly  well  marked 
in  Old  Lyme  and  East  Lyme.  The  boundary  on  the  north 
is  less  satisfactory,  on  account  of  the  confused  manner  in 


♦  Thegeology  of  southern  Connecticut  from  Saybrook  to  Mystic  was  studied 
by  Dr.  H.  H.  Robinson  during  the  summer  of  1904.  The  descriptions  of  the 
Lyme  and  New  London  granite>gneisses  and  of  the  Mamacoke  gneiss  were 
written  by  him. 
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which  this  rock  has  broken  through  the  Mamacoke  gnfeiss, 
and  also  on  account  of  the  extensive  covering  of  Glacial 
till.  The  best  exposures  are  found  along  the  Connecticut 
River  north  of  Lyme,  on  the  north  and  west  sides  of  Rogers 
Lake,  and  at  the  quarry  on  Rocky  Point  near  South  Lyme. 
At  those  localities  the  rock  is  massive  and  of  medium  grain ; 
the  color  is  generally  light  red,  shading  to  gray.  It  is  com- 
posed essentially  of  pink  orthoclase,  quartz,  and  albite,  with 
a  small,  though  somewhat  variable,  amount  of  biotite,  and 
occasional  crystals  of  hornblende.  The  gneissic  structure  of 
the  rock  is  well  developed  throughout  the  area,  especially  in 
the  more  northern  portions.  There  is  considerable  peg- 
matite associated  with  the  granite-gneiss,  in  the  form  of 
coarse-grained  veins  and  spots  in  rock  of  normal  grain. 
Outcrops  of  the  pegmatite  appear  more  numerous  in  the 
southern  parts  of  the  area  and  especially  near  the  boundary. 
Its  composition' is  quite  the  same  as  that  of  the  country 
rock.  In  texture  it  is  granitic  with  only  occasional  sugges- 
tions of  banding.  The  pegmatite,  as  well  as  the  gtanite- 
gneiss,  is  well  exposed  in  the  Luce  quarry  on  Rocky  Neck. 

New  London  Granite-gneiss  [35]. —  The  rock  included 
within  this  area,  which  has  been  marked  off  from  the  Mama- 
coke  gneiss  by  a  rather  arbitrary  boundary,  is  distinctly 
granitic  in  character.  Typical  exposures  in  and  about  New 
London  exhibit  a  light  gray,  rather  fine-grained  rock  of  uni- 
form texture,  composed  largely  of  feldspar  and  quartz  with 
subordinate  brilliant  black  biotite  and  occasional  hornblende 
crystals.  At  some  exposures  a  few  small  garnets  may  be  found. 
On  account  of  the  small  amount  of  biotite,  the  gneissic 
structure  is  less  pronounced  than  in  the  rocks  containing 
more  of  that  mineral.  Outcrops  about  one  mile  west  of 
New  London  on  the  road  to  Jordan  Village  are  streaked 
with  veins  and  nodules  of  pinkish  feldspar,  which  is  some- 
times intergrown  with  quartz  in  the  manner  of  graphic 
granite.  Seams  and  patches  of  a  dark  colored  biotite  gneiss 
are  here  seen,  included  in  and  cut  by  the  granite-gneiss. 
The  rock  of  this  formation  is  generally  firm  in  texture,  and 
is  quite  largely  used  locally  for  the  foundations  of  buildings. 
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Mamacoke  Gneiss  [36].— From  Guilford  to  the  Connec- 
ticut River  this  gneiss  occupies  an  elongated  area,  one  to 
four  miles  in  width,  bounded  on  the  north  by  the  Middle- 
town  gneiss  and  on  the  south  by  the  Stony  Creek  granite- 
gneiss,  and  by  the  Sound.  From  Essex  it  extends  north- 
ward to  Chester.  It  then  turns  eastward;  and,  gradually 
spreading  out,  occupies  the  greater  parts  of  the  towns  of 
Salem,  Montville,  Waterford,  and  Groton,  with  lesser  por- 
tions of  Lyme,  East  Lyme,  East  Haddam,  Ledyard,  Stoning- 
ton,  and  North  Stonington.  A  small  detached  area  is  found 
in  the  southeastern  part  of  Old  Lyme.  The  rocks  occupying 
the  larger  area  are  in  some  localities  decidedly  gneissic,  con- 
taining much  biotite  and  more  rarely  hornblende,  but  else- 
where they  are  very  granitic  in  appearance.  These  different 
types  of  rock  are  probably  of  different  age,  and  possibly  of 
different  origin ;  but  much  work  in  the  field  will  be  neces- 
sary to  separate  the  several  varieties  and  determine  the 
many  questions  that  they  suggest. 

In  that  portion  of  the  area  west  of  the  Connecticut  River 
the  predominant  rock  is  uniformly  medium-grained,  light  to 
dark  gray  in  color,  and  consists  of  white  feldspar  and  quartz, 
with  brilliant  black  mica,  and  sometimes  small  amounts  of 
hornblende  or  garnet.  In  typical  specimens  the  dark  min- 
erals constitute  about  one-third  of  the  mass ;  but  the  range 
in  both  directions  is  considerable,  giving  rise  in  one  case  to 
a  biotite  gneiss,  in  the  other  to  a  granitic  gneiss.  Through- 
out the  area  the  banding  of  the  rock  is  plainly  evident  on 
account  of  the  contrast  in  color  between  the  layers  of  white 
feldspar  and  quartz  and  those  of  black  biotite.  The  rock  for 
the  most  part  appears  fresh  and  firm  in  texture.  It  has  been 
used  locally  for  building  purposes ;  and,  where  the  structure 
permits,  it  has  been  quarried  for  flagging.  This  gnefss  is 
typically  developed  in  the  vicinity  of  Horse  Hill,  northeast 
of  Clinton.  Farther  east,  along  the  Connecticut  River  from 
Saybrook  Junction  to  Essex,  the  rock  is  finer-grained  and 
appears  to  be  considerably  more  altered.  There  is  a  notice- 
able injection  of  granite  into  this,  as  well  as  into  the  more 
typical  rock,  along  a  zone  beginning  at  the  first  outcrops 
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-west  of  the  river  opposite  Lyme,  and  extending  in  a  south- 
westerly and  westerly  direction  for  over  two  miles.  . 

In  the  region  extending  from  Essex  through  Deep  River 
and  eastward  to  the  vicinity  of  Salem,  the  gneiss  as  a  whole 
is  rather  more  granitic  and  contains  areas  of  a  later  granite. 
Exposures  of  the  typical  Mamacoke  gneiss  occur  in  and 
southeast  of  Deep  River  and  in  the  northwest  corner  of  the 
formation  in  Chester.  Elsewhere  the  rock  has  a  lighter  color, 
•due  to  the  presence  of  a  smaller  amount  of  biotite,  which 
also  results  in  a  less  prominent  banding.  The  tone  of  the 
rock  is  generally  brownish  —  the  feldspar  being  stained  by 
the  iron  set  free  by  the  decomposition  of  the  biotite, — some- 
times reddish  when  pink  feldspar  is  present.  The  g^ain  of 
the  rock  is  fine  to  medium,  never  coarse.  The  rock  on  Sel- 
•den  Neck,  opposite  Deep  River,  is  quite  different  from  that 
surrounding  it,  and  is  a  later  intrusion  of  granite.  It  is. com- 
posed largely  of  pink  orthoclase,  with  small  amounts  of  clear 
■quartz  and  black  biotite.  Banded  structure  is  prominent, 
and  the  biotite  is  arranged  in  more  or  less  parallel  lamellae 
and  lenses  rarely  over  three  inches  in  length. 

The  larger  portion  of  this  area,  lying  to  the  east  and  west 
of  the  Thames,  consists  of  an  apparently  complicated  mix- 
ture of  older  gneisses  injected  and  broken  by  later  intru- 
sions. They  are  for  the  most  part  granitic  in  character ;  and 
because  of  this  fact  and  the  pronounced  alterations  they 
"have  undergone  at  many  localities,  the  work  of  separating 
them  is  of  considerable  difficulty.  The  work  of  one  field 
season  was  only  sufficient  to  make  the  above  point  evident 
and  furnish  a  basis  for  future  study.  We  may  say,  as  Perci- 
val  said  in  his  report,  "  The  first  five  ranges  (east  of  the 
Connecticut  River)  may  be  regarded  as  continued  in  that 
part  of  the  formation,  extending  through  Montville,  Groton, 
and  Ledyard ;  but  I  have  not  been  able  to  trace  them  there 
ivith  sufficient  distinctness  to  enable  me  to  discriminate 
them  as  in  that  part  of  the  present  section  already  de- 
scribed." 

The  exposures  in  the  abandoned  quarry  about  a  half- 
mile  south  of  the  United   States   Naval   station,  and  on 
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Mamacoke  Island  opposite  the  station,  are  typical  of  a  very 
large  part  of  the  area.  At  the  quarry  the  exposure  may  be 
divided  into  two  parts  —  the  eastern  consisting  of  many  al- 
ternating bands,  usually  less  than  two  feet  thick,  of  black 
biotite  and  white  feldspar  and  quartz ;  the  western,  a  normal 
reddish  gray  granitic  gneiss.  Both  are  strongly  folded,  as 
may  be  seen  by  inspecting  the  banded  portion  of  the  expos- 
ure. In  the  upper  part  of  the  quarry  is  a  dike,  two  or  three 
feet  thick,  of  fine-grained,  gray  to  faint  reddish  granite.  It 
is  younger  than  the  gneiss,  and  cuts  across  it  in  an  east  and 
west  direction,  descending  at  an  angle  of  about  25°  toward 
the  south.  A  rock  similar  to  that  of  the  dike  is  found  in 
small  scattered  outcrops  throughout  this  region,  and  is  of 
the  same  character  as  that  quarried  at  Westerly,  Rhode 
Island,  and  at  Millstone  Point  and  the  Booth  quarry  in  the 
town  of  Waterford. 

The  detached  area  in  Old  Lyme  shows  notable  injection 
by  the  Lyme  granite-gneiss  and  pegmatite  near  Black  Hall. 
One  small  biit  interesting  exposure  on  the  line  of  the  rail- 
road and  just  east  of  Mill  Creek  may  be  noted.  It  shows  the 
Mamacoke  gneiss  cut  by  coarse  red  pegmatite,  and  both  the 
gneiss  and  pegmatite  cut  by  a  small  dike  of  fine-grajned  bio- 
tite granite.  Since  the  pegmatite  is  always  found  associated 
with  the  granite-gneiss,  a  certain  order  of  events,  confirmed 
at  other  localities,  may  be  made  out.  The  Westerly,  Water- 
ford,  Millstone,  and  other  gray  to  red,  fine-grained  granites 
are  intrusive,  generally  as  dikes,  in  the  Stony  Creek,  Lyme, 
New  London,  and  Sterling  granite-gneisses  and  in  the  Mam- 
acoke gneiss;  and  these  granite-gneisses  are  ,  intrusive, 
generally  as  bosses,  in  the  Mamacoke  gneiss.  What  position 
in  geological  time  to  give  these  three  groups  of  rocks  is  not 
evident.  One  can  only  say  that  the  differences  between  the 
gneiss  and  granite-gneisses  are  quite  sharply  defined,  and 
must  represent  a  considerable  interval  of  time.  The  peg- 
matite is,  as  we  have  seen,  contemporaneous  with  the  gran- 
ite-gneisses, while  the  fine-grained  granite  (Westerly,  etc.) 
may  be  considered  as  the  final  product  of  the  granite-gneiss 
period  of  intrusion  or  as  distinctly  later  than  that  period. 
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Preston  Gabbro-diorite*  [37]. —  A  region  of  dark  colored 
rock  forms  a  roughly  oval  area  in  parts  of  Preston,  Griswold, 
North  Stonington,andLedyard.  In  character  the  rock  shows 
a  number  of  variations,  and  follows  a  definite  gradation  from 
the  center  of  the  mass  toward  the  periphery.  The  central 
part  in  the  vicinity  of  Bay  and  Rixtown  Mountains  is  a 
coarse  porphyritic  gabbro  containing  phenocrysts  often  over 
two  inches  in  length.  These  larger  crystals  are  set  in  a 
ground-mass  of  labradorite  and  green  hornblende,  occasion- 
ally accompanied  by  pyrite  and  garnet.  The  coarse  gabbro 
is  cut  by  veins  of  pegmatite  and  small  dikes.  The  pegmatite 
occur§  as  short  veins  and  lenses^  sometimes  without  distinct 
borders.  Its  chief  constituent  minerals  are  hornblende  and 
plagibclase  feldspar.  Quartz  occurs  in  it,  but  is  never 
abundant.  Narrow,  short  dikes,  probably  of  diabase,  cut 
both  gabbro  and  pegmatite. 

Forming  a  zone  around  this*  central  mass  of  gabbro,  and 
exposed  on  Bay,  Lambert,  and  Rixtown  Mountains,  is  a  med- 
ium-grained dark  rock  having  the  composition  of  diorite. 
The  mineral  constituents  are  similar  to  those  of  the  gabbro^ 
but  the  feldspar  is  andesine  and  the  hornblende  is  distinctly 
crystallized. 

At  the  margin  of  the  mass  the  rock  becomes  a  quartz 
diorite.  Metamorphism  occurs  where  the  igneous  mass  came 
in  contact  with  the  schists  and  gneisses  of  the  region,  and 
the  resulting  heat  has  converted  slates  into  hbrnstone. 
Fragments  of  hornstone  are  also  found  included  in  the  gab- 
bro, and  stringers  of  the  igneous  rock  are  seen  to  enter  the 
schists.  Regional  metamorphism  has  produced  schistosity 
in  the  rocks  surrounding  the  mass,  and  has  affected  the  bor- 
der of  the  quartz  diorite  zone.  The  gabbro  and  diorite  masses 
have  been  profoundly  altered,  but  they  lack  the  gneissoid 
structure.  The  strike  of  the  foliation  planes  of  the 
surrounding  rock  follows  the  borders  of  the  igneous  mass, 
and  it  appears  that  the  main  mass  of  gabbro-diorite  effect- 
nrely  resisted  the 'pressiare' which  resulted  in  the  production 
of  schistosity  in  the  other  types  of  rock. 

*  See  note  on  page  13s. 
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The  data  at  hatid  lead  to  the  conclusion  that  the  Preston 
^bbro-diorite  is  a  bathylith  —  a  deep-seated  igneous  mass 
•exposed  to  view  by  removal  of  the  overlying  rocks.  When 
the  heated  rock  invaded  the  ancient  sediments,  they  were 
baked  and  recrystallized  as  a  result  of  the  severe  heat. 
Later,  schistosity  was  developed  in  this  region,  but  the 
bathylith  was  too  firm  to  yield  to  the  pressure  which  so 
completely  modified  the  surrounding  rocks. 

Westerly  Granite. —  Along  the  eastern  Connecticut  shore 
line  and  extending  into  Rhode  Island  are  found  a  number  of 
exposures  of  g^ay  and  pink  granite,  which  are  apparently  of 
the  same  character  and  age.  This  rock  is  quarried  at  several 
places,  but  -particularly  at  Westerly  and  Niantic,  Rhode 
Island,  just  east  of  the  Connecticut  line,  whence  the  forma- 
tion receives  its  name.  Smaller  quarries  have  been  opened 
west  of  Pawcatuck  River  in  Stonington.  Of  late  years  these 
localities  have  furnished  large  quantities  of  rock  for  building 
•and  especially  monumental  work. 

At  Westerly  two  varieties  of  rock  are  quarried : —  a  finely 
crystalline,  g^ray  rock,  which  shows  minor  variations  in  color 
and  texture,  but  which  is  petrographically  the  same,  and 
which  is  the  Westerly  granite  of  commerce ;  and  a  light  red 
coarse  granite  (the  Sterling  granite-gneiss),  which  some- 
what resembles  the  rock  from  Stony  Creek,  but  is  much 
finer.  The  small  quarries  in  Mystic  and  Groton  furnish  a 
gray  variety,  although  the  rock  from  the  latter  place  is 
somewhat  coarser  than  the  typical  Westerly.  The  Water- 
ford  and  Millstone  Point  quarries  yield  stone  which  is  al- 
most identical  with  the  Westerly. 

Where  typically  exposed  the  Westerly  granite  is  mass- 
ive, with  no  indication  of  gneissoid  structure;  it  is,  how- 
ever, cross-jointed  and  broken  into  blocks.  Quartz,  biotite, 
and  a  small  amount  of  muscovite  are  the  chief  minerals  com- 
posing the  rock,  hornblende  being  entirely  absent.*  In  the 
AVesterly  quarries  small  spots  of  a  black,  pitchy  material. 


•For 
«  paper 
361-383. 


a  petroflrraphic  description  of  the  Westeriy  granite,  the  reader  is  referred  to 
by  Professor  J.  P.  Kemp*  in  Bull.  Geological  Society  of  Amuricay  voL  X,  pp. 
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probably  allanite,  occasionally  occur,  giving  the  rock  the 
local  name  of  "  bedbug  granite."  The  variation  in  color 
from  red  to  bluish  gray  seems  to  be  caused  by  the  variation 
in  degree  of  oxidation.  That  oxidation  takes  place  readily 
is  apparent  from  the  fact  that  fragments  discarded  from  the 
quarry  are  pinkish  at  the  surface,  while  the  interior  is  still 
,gray. 

The  Westerly  granite  is  of  an  intrusive  nature,  and  has 
been  thrust  into  the  Sterling  granite-gneiss  anjd  other  for- 
mations along  the  shore  line.  This  rock  is  seen  to  send  out 
irregular  stringers  into  the  surrounding  gneisses,  and  to 
contain  inclusions  of  amphibolite  and  other  rocks.  The  re- 
lation between  the  different  rocks  of  this  area  seems  to  be  as 
follows: — the  Sterling  granite-gneiss  is  injected  into  earlier 
sediments ;  pegmatites  cut  the  Sterling  granite-gneiss ;  and 
the  Westerly  granite  is  intrusive  in  pegmatites  and  granite- 
gneiss  alike,  and  thus  is  the  youngest  formation  in  the  south- 
-eastern part  of  Connecticut. 

The  areas  of  Westerly  granite  are  too  small  to  be  shown 
on  a  map  of  the  scale  of  Plate  XIV. 

Pegmatite. —  Pegmatite  is  widely  distributed  over  the 
•eastern  crystallines,  and  presents  no  peculiarities  which  dis- 
tinguish it  from  similar  rocks  in  the  western  part  of  the  state 
■(see  page  no).  Putnam  gneiss,  Sterling  granite-gneiss,  and 
Scotland  schist  are  especially  full  of  pegmatite  veins,  but 
their  distribution  is  scarcely  less  abundant  in  the  other  for- 
mations. Certain  areas,  like  the  White  Rocks  south  of  Mid- 
tlletown  and  the  hill  near  Leesville,  as  well  as  a  district  south 
of  Lantern  Hill,  contain  unusually  large  and  unusually 
abundant  pegmatite  masses.  For  a  description  of  the  nature 
of  pegmatite  the  reader  is  referred  to  page  71. 

Amphibolite  [38]. —  As  indicated  in  the  descriptions  of 
the  various  formations,  amphibolite  is  abundant  in  the  east- 
ern part  of  Connecticut.  Its  composition  and  mode  of  oc- 
currence are  identical  with  those  of  the  amphibolite  of  the 
western  crystallines  (see  page  112). 
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Diabase  Dikes  [39]. —  Intrusions  of  diabase  in  the  iorm 
of  dikes  are  an  even  more  common  feature  in  the  crystal- 
lines of  the  eastern  portion  of  the  state  than  in  those  of  the 
western.*  The  dikes  are  not  distributed  in  haphazard 
fashion,  but  form  two  belts,  one  extending  from  Manchester 
to  West  Stafford,  and  the  other  constituting  a  remarkable 
series  extending  from  Branford  northeastward  to  Union,  a 
distance  of  probably  seventy  miles.  In  some  places  the 
dikes  are  prominent  topographic  features,  but  usually  they 
present  no  conspicuous  surface  forms,  and  it  is  a  testi- 
mony  to  Percival's  great  skill  as  a  field  observer  that  he  was- 
able  to  trace  the  dikes  and  connect  the  inconspicuous  scat- 
tered outcrops.  In  general  the  texture  and  composition  of 
the  dikes  on  the  eastern  side  of  the  Triassic  area  are  identi- 
cal with  those  along  the  Housatonic,  but  there  is  apparently 
a  greater  amount  of  crushing  and  more  alteration  of  the  con- 
stituent materials.  These  dikes  are  believed  to  be  of  the 
same  age  as  the  Triassic  sedimentary  strata  with  their  ac-^ 
companying  traps. 


*  For  a  description  of  the  Triassic  intrusions  of  the  western  crystallines  see 
page  113. 
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THE    TRIASSIC 


HISTORICAL    REVIEW. 

In  these  brief  historical  notes  it  is  not  proposed  to  men- 
tion all  the  geologists  who  have  done  valuable  work  in  the- 
study  of  the  formation  in  question.  Still  less  is  it  proposed  to. 
give  a  complete  bibliography  of  the  subject.  There  is  less, 
need  of  this,  in  view  of  the  fact  that  a  very  full  and  accurate 
index  to  the  literature  of  the  subject  prior  to  1892  is  given  in. 
Professor  I.  C.  Russell's  "  Correlation  Paper  "  on  the  New- 
ark System,  published  as  Bulletin  No.  85,  of  the  United 
States  Geological  Survey.  While  some  important  observa- 
tions were  made  at  an  earlier  date  by  the  elder  Silliman  and 
others,  the  systematic  study  of  the  Connecticut  Trias  com- 
menced with  the  appointment  of  J.  G.  Percival  as  State 
Geologist,  in  1835.  His  report  was  published  in  1842.  That, 
report  was  an  admirable  piece  of  work,  as  regards  the  con- 
scientious thoroughness  with  which  the  local  distribution 
of  the  various  kinds  of  rocks  was  described.  The  science  of 
dynamical  geology  was  then  too  little  developed  to  afford  a 
basis  for  any  satisfactory  interpretation  of  the  facts,  and 
Percival  seems  to  have  chosen  almost  entirely  to  refrain 
from  any  intimation  of  theoretical  interpretations,  if  he  had 
any  such  in  mind.  Professor  J.  D.  Dana,  who  held  so  long 
an  honored  place  at  the  head  of  American  geologists,  de- 
voted considerable  time  to  the  study  of  the  Triassic  forma- 
tion as  exhibited  in  the  immediate  vicinity  of  New  Haven. 
His  latest  views  may  be  found  in  his  little  book  "  On  the 
Four  Rocks  of  the  New  Haven  Region,"  published  in  1891, 
and  in  his  "  Manual  of  Geology,"  of  which  the  latest  edition 
was  published  in  1895.  Professor  Dana  was  led  into  error 
in  regard  to  the  relations  and  history  of  the  trap  rocks  of  the 
area  by  the  assumption  that  inferences  drawn  from  the  trap- 
hills  in  the  immediate  vicinity  of  New  Haven  could  be  ex- 
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tended  without  qualification  to  other  parts  of  the  area.  He 
was  undoubtedly  right  in  the  judgment  that  the  trap  of 
East  and  West  Rock  is  intrusive,  but  he  failed  to  appreciate 
the  evidence  adduced  by  Davis  and  others  proving  the  very 
different  relations  of  the  line  of  trap  ridges  in  the  middle  of 
the  Connecticut  Valley  area.  To  Professor  W.  M.  Davis, 
more  than  to  any  other  man,  is  due  the  correct  interpretation 
of  the  relations  of  the  sandstones  and  the  associated  trap 
rocks  of  Connecticut.  His  studies  in  the  region  commenced 
in  1882,  and  were  continued  for  several  years,  the  latter  part 
of  the  time  under  the  auspices  of  the  United  States  Geolog- 
ical Survey.  A  number  of  geologists  served  as  assistants  in 
this  investigation,  among  whom  were  C.  L.  Whittle,  E.  O. 
Hovey,  H.  B.  Kiimmel,  W.  N.  Rice,  S.  W.  Loper,  and  L.  S. 
Griswold.  The  latest  of  Professor  Davis'  Papers,  giving  in 
most  complete  form  the  results  of  the  whole  investigation, 
was  published  in  1897,  in  the  Eighteenth  Annual  Report  of 
the  United  States  Geological  Survey.  That  paper  is  by  far 
the  most  important  work  for  the  student  of  this  formation 
in  Connecticut.  In  1901  Professor  W.  H.  Hobbs  published 
a  valuable  paper  on  "  The  Newark  System  of  Pomperaug 
Valley,"  in  the  Twenty-first  Annual  Report  of  the  United 
States  Geological  Survey.  This  paper  gives  the  fullest  ac- 
count of  the  curious  little  area  of  the  Triassic  formation  in 
the  towns  of  Woodbury  and  Southbury. 

The  Connecticut  student  will  of  course  be  inter- 
ested in  the  investigations  which  have  been  carried 
on  in  the  more  northerly  portion  of  the  Connecti- 
cut Valley  area,  lying  in  the  State  of  Massachu- 
setts. Substantially  contemporaneous  with  the  investiga- 
tions of  Percival  in  Connecticut  were  those  of  Edward 
Hitchcock  in  Massachusetts.  His  '*  Final  Report  on  the 
Geology  of  Massachusetts  "  was  published  in  1841.  In  later 
times  the  study  of  the  Triassic  of  Massachusetts  has  been 
carried  on  with  great  zeal  and  ability  by  Professor  B.  K. 
Emerson.  His  "  Geology  of  Old  Hampshire  County  "  was 
published  in  1898,  as  Volume  XXIX  of  the  Monographs  of 
the  United  States  Geological  Survey.    Parts  of  the  Connecti- 
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cut  Valley  area  are  mapped  in  detail,  with  explanatory  text, 
in  the  Holyoke  Folio  of  the  Geologic  Atlas  of  the  United 
States,  by  B.  K.  Emerson,  and  in  the  Farmington  Folio  by 
H.  E.  Gregor>'. 

Much  light  has  been  thrown  upon  the  Triassic  for- 
mation of  Connecticut  by  the  study  of  the  contem- 
poraneous formations  in  other  parts  of  the  country.  Much 
valuable  work  has  been  done  by  the  Geological  Survey  of 
New  Jersey.  Two  papers  may  be  commended  to  the  student 
as  of  special  value  in  regard  to  the  Triassic  formation  in 
New  Jersey ;  namely,  Kiimmel's  "  The  Newark  System  of 
New  Jersey,"  in  the  Annual  Report  of  the  State  Geologist 
of  New  Jersey  for  1897,  and  Darton's  "  The  Relations  of  the 
Traps  of  the  Newark  System  in  the  New  Jersey  Region," 
published  as  Bulletin  No.  67  of  the  United  States  (Geological 
Survey.  On  the  more  southerly  areas  of  the  Triassic  forma- 
tion, the  most  important  paper  is  Shaler  and  Woodworth's 
"  Geology  of  the  Richmond  Basin,"  published  in  the  Nine- 
teenth Annual  Report  of  the  United  States  Geological  Sur- 
vey. Professor  Russell's  paper  already  referred  to  gives  an 
admirable  summary  of  the  results  of  the  study  of  all  the 
Triassic  areas  of  eastern  North  America  down  to  1892. 

A  few  works  maywell  be  mentioned  bearing  especially  upon 
the  fossils  of  the  formation.  Hitchcock's  "Ichnology  of 
Massachusetts"  gives  the  results  of  the  author's  patient 
and  earnest  study  of  the  tracks  of  animals  on  the  sandstones, 
of  which  he  had  accumulated  a  magnificent  collection  in  the 
museum  oi  Amherst  College.  For  a  later  revision  of  the 
study  of  these  tracks,  in  the  light  of  present  knowledge  of 
paleontology  and  comparative  anatomy,  the  student  may  be 
referred  to  a  memoir  by  Professor  R.  S.  Lull  on  the  "  Fossil 
Footprints  of  the  Jura-Trias  of  North  America,"  in  the  fifth 
volume  of  the  Memoirs  of  the  Boston  Society  of  Natural 
History.  The  fossil  fishes  are  described  in  Newberry's 
"  Fossil  Fishes  and  the  Fossil  Plants  of  the  Triassic  Rocks  of 
New  Jersey  and  the  Connecticut  Valley,"  published  as  Vol- 
ume XIV  of  the  Monographs  of  the  United  States  Geolog- 
ical Survey.     A  more  recent  review  of  the  fossil  fishes,  by 
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Dr.  C.  R.  Eastman,  is  found  in  the  Annual  Report  of  the 
State  Geologist  of  New  Jersey  for  1904.  For  the  plants  of 
the  formation  reference  may  be  made  to  the  above  cited 
work  of  Newberry,  and  also  to  Fontaine's  "  Contributions 
to  the  Knowledge  of  the  Older  Mesozoic  Flora  of  Virginia," 
published  as  Volume  VI  of  the  Monographs  of  the  United 
States  Geological  Survey. 

THE   STRATIFIED    ROCKS. 

Areal  Distribution. —  The  Triassic  formation  in  eastern 
North  America  is  represented  by  deposits  of  essentially 
similar  type  distributed  in  isolated  areas  from  Nova  Scotia 
to  North  Carolina.  The  principal  areas  are  the  following 
(see  Plate  XV): — i,  Acadian  area;  2,  Connecticut  Valley 
area;  3,  Pomperaug  Valley  area;  4,  New  York-Virginia 
area ;  5,  Barboursville  area ;  6,  Scottsville  area ;  7,  Taylors- 
ville  area ;  8,  Farmville  area ;  9,  Richmond  area ;  10,  Dan- 
ville area;  11,  Dan  River  area;  12,  Deep  River  area;  13, 
Wadesboro  area.  Besides  these  there  are  a  number  of  small 
patches  of  the  formation  in  question,  which  are  obviously 
outliers  of  the  larger  areas  separated  from  them  by  erosion. 
The  Acadian  area  lies  chiefly  in  Nova  Scotia  along  the  south- 
eastern shore  of  the  Bay  of  Fundy.  It  includes,  however, 
some  small  isolated  patches  in  the  adjacent  part  of  New 
Brunswick.  The  Connecticut  Valley  area  extends  from  near 
the  northern  boundary  of  Massachusetts  to  New  Haven  in 
Connecticut.  The  course  of  the  Connecticut  River  from 
Turner's  Falls,  Massachusetts,  to  Middletown,  Connecticut, 
lies  in  this  Triassic  area ;  but  from  Middletown  to  Saybrook 
the  Connecticut  River  flows  in  a  gorge  which  it  has 
carved  through  the  older  crystalline  rocks.  The  Pomperaug 
Valley  area  is  a  small  area  drained  by  the  Pomperaug  River, 
lying  in  the  towns  of  Woodbury  and  Southbury,  Connecti- 
cut. This  area  and  the  southern  part  of  the  Connecticut  Val- 
ley area  are  shown  in  the  map.  Fig.  i,  page  19.  The  New 
York- Virginia  area  is  the  most  extensive  continuous  area  of 
Triassic  rocks  in  eastern  North  America.  Beginning  on  the 
west  bank  of  the  Hudson  at  the  Palisades,  it  extends  in  a 
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general  southwesterly  direction,  but  in  a  sinuous  curve  con- 
vex to  the  southeast  at  both  ends,  but  convex  to  the  north- 
west in  the  middle,  across  New  Jersey,  Pennsylvania,  and 
Maryland,  into  Virginia.  The  Barboursville,  Scottsville, 
Taylorsville,  Richmond,  and  Danville  areas  are  all  situated 
within  the  state  of  Virginia.  Of  these  the  most  extensive 
are  the  Richmond  and  the  Danville  area.  The  Dan  River 
area  lies  chiefly  in  North  Carolina,  and  the  Deep  River  and 
the  Wadesboro  area  are  entirely  within  that  state.  Wells 
bored  through  the  later  strata  have  revealed  the  presence 
of  the  Triassic  rocks  beneath  the  surface  in  South  Carolina, 
but  nothing  definite  is  known  of  their  extent. 

Kinds  of  Rocks. —  The  rocks  in  all  these  areas  would 
naturally  be  characterized  in  a  broad  way  as  red  sandstones. 
The  sandstones,  sometimes  coarse,  sometimes  fine,  consist 
mainly  of  grains  of  quartz,  feldspar,  and  mica,  resulting 
from  the  disintegration  of  the  older  rocks  which  form  the 
walls  of  the  troughs  in  which  the  sandstones  were  deposited. 
The  prevailing  red-brown  colors  of  the  sandstones  are  due 
not  to  the  constituent  grains,  but  to  the  cementing  material, 
which  contains  a  large  amount  of  ferric  oxide.*  These  sand- 
stones have  been  much  used  as  building  stones.  In  large 
and  massive  buildings  they  have  an  imposing  effect,. though 
the  dark  color  is  thought  by  some  to  make  their  aspect 
rather  somber.  When  care  is  taken  to  place  the  blocks  in  a 
wall  with  the  lamination  horizontal,  the  stoi\e  proves  very 
durable.  When  the  rocks  are  laid  with  the  lamination  ver- 
tical and  parallel  to  the  face  of  the  wall,  the  action  of  frost 
often  results  in  the  peeling  off  of  the  outer  layers. 

These  sandstones  have  been  extensively  quarried  in 
Portland,  Fair  Haven,  and  Manchester ;  and  small  quarries, 
chiefly  for  local  supply,  have  been  opened  in  numerous  other 
places. 

The  following  analysis  of  the  sandstone  from  Portland  is 
taken  from  Professor  Gregory's  paper  in  the  Farming^on 
Folio  of  the  United  States  Geologic  Atlas: — 

*  For  discussion  of  the  orifrin  of  this  fermgrinotis  material,  see  Russell,  SubaeritU 
Decay  of  Rocks  (BuU.  U.  S.  GeoU^icai  Survey^  No.  $2\  p.  44. 
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While  the  name  sandstone  would  properly  express 
the  prevalent  and  typical  character  of  the  rocks  of  the 
formation,  the  material  is  in  some  strata  so  coarse  as  to  de- 
serve the  name  of  conglomerate,  and  in  others  so  fine  as  to 
deserve  the  name  of  shale.  In  the  conglomerates,  the  peb- 
bles may  be  less  than  an  inch  in  diameter,  but  they  are  some- 
times much  coarser.  In  some  localities  occurs  a  rock  which 
has  been  called  "giant  conglomerate,*'  in  which  some  of  the 
bowlders  are  several  feet  in  diameter.  The  conglomerates 
occur  chiefly  near  the  borders  of  the  Triassic  areas,  and  in 
these  it  is  especially  easy  to  recognize  the  rocks  from  the 
disintegration  of  which  the  pebbles  have  been  derived.  In 
general,  it  may  be  said  that  the  pebbles  in  any  particular 
area  are  derived  from  rocks  in  the  immediate  vicinity.  The 
conglomerates  in  the  Connecticut  Valley  area  are  obviously 
derived  from  the  gneisses,  schists,  and  pegmatites,  which 
are  the  prevalent  rocks  of  the  Eastern  and  Western  High- 
lands. In  some  cases,  however,  it  has  been  observed  that  the 
pebbles  of  the  conglomerates  are  derived  from  rocks  which 
are  found  in  situ  not  immediately  adjacent  to  the  locality 
of  the  pebbles,  but  at  a  distance  of  a  number  of  miles.  This 
may  indicate  that  the  waters  in  which  the  conglomerates 
were  deposited  were  traversed  by  currents,  tidal  or  other- 
wise, of  considerable  force.*  In  some  cases,  however,  the 
dissimilarity  between  the  pebbles  in  the  marginal  conglom- 
erates and  the  rocks  in  situ  in  the  immediate  vicinity  is 
doubtless  due  to  the  presence  of  faults.t    The  frequent  oc- 


•  Bmerson,  Geo/o.^  of  Old  Hampshire  County^  pp.  355, 374. 

t  Ktimmel,  The  Newark  System  of  New  /ersey^  In  Ann.  Rep.  State  Geologist^  iSg?* 
p.  56. 
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currence  of  faults  at  the  border  of  the  formation  will  be  dis- 
cussed later.*  The  beautiful  calcareous  breccia  called  Poto- 
mac marble  is  a  conglomerate  occurring  in  parts  of  the  New 
York-Virginia  Triassic  area  derived  from  the  disintegration 
of  limestones  which  formed  a  part  of  the  wall  of  the  trough. 
The  shales,  like  the  sandstones  and  conglomerates,  are 
prevailingly  red,  owing  their  color  likewise  to  the  presence 
of  ferric  oxide.  Some  strata  of  shale,  however,  contain  in 
considerable  quantity  hydrocarbon  compounds  derived  from 
the  decomposition  of  organic  matter.  These  bituminous 
shales  are  accordingly  nearly  black.  In  the  Connecticut 
Valley  area,  there  are  two  thin  strata  of  these  bituminous 
shales,  which  have  been  shown,  by  careful  search  for  out- 
crops, to  have  a  very  wide  extent.t  One  of  these  lies  be- 
tween the  anterior  and  the  main  sheet,  and  the  other  be- 
tween the  main  and  the  posterior  sheet  of  contemporaneous 
trap,  which  will  be  subsequently  described.*  A  few  outcrops 
of  the  black  shale  have  been  observed,  which  appear  to  indi- 
cate at  least  local  deposits  at  a  still  higher  horizon.  At 
several  localities  fossil  plants  and  fishes  are  abundant  in 
these  shales.S  In  connection  with  these  black  shales  are 
found  thin  films  of  coal.  It  is,  however,  safe  to  say  that  no 
coal  beds  of  workable  extent  will  ever  be  found  in  the  Tri- 
assic formations  of  Connecticut.  In  the  Connecticut  Valley 
area  the  strata  dip  somewhat  uniformly  to  the  east,  and  the 
edges  of  the  whole  series  of  strata  are  exposed  by  erosion. 
,  The  deepest  and  oldest  strata,  therefore,  crop  out  near  the 
western  border  of  the  formation.  Strata  of  coal  of  sufficient 
thickness  to  be  of  commercial  value  would  certainly  have 
been  discovered  in  the  thorough  study  which  has  been  given 
to  this  formation.  To  make  expensive  borings  in  search  of 
coal  is  a  foolish  waste  of  money.  While  no  workable  beds  of 
coal  have  been  found  in  any  of  the  northern  Triassic  areas, 
such  beds  have  been  found  in  the  Richmond,  Farmville, 
Dan  River,  and  Deep  River  areas.    Besides  the  films  of  coal 


•Page  a  I  J. 

t  Davis  and  Loper,  in  BuU.  Geological  Society  of  America,  vol.  II,  p.  4x5. 

X  Page  t86. 

f  Por  mention  of  localities,  see  paper  of  Davis  and  Loper  above  cited. 
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found  in  Connecticut  with  the  black  shales,  fragments  of 
lignite  are  occasionally  found  scattered  through  the  sand- 
stones. It  is  an  interesting  fact  that  the  sandstones  con- 
taining these  fragments  of  lignite  are  not  red,  but  gray  or 
white,  the  ferric  oxide  having  been  reduced  by  the  decom- 
posing vegetable  matter. 

A  small  arnount  of  impure  limestone  is  also  included  in 
the  Triassic  formation  of  Q)nnecticut.  A  thin  stratum  has 
been  recognized  in  several  localities  lying  a  little  above  the 
anterior' sheet  of  contemporaneous  trap. 

Conditions  of  Deposition. — ^The  Triassic  formations  of 
eastern  North  America  appear  to  be  estuarine  rather  than 
marine  in  origin.  The  prevailing  red  color  of  the  rock  in- 
dicates other  than  marine  conditions.  The  exuberance  of 
life  in  the  shallow  waters  of  the  seashore  usually  affords  so 
much  decomposing  organic  matter  as  to  reduce  any  ferric 
oxide  which  may  be  present.  Red  sandstones  and  shales 
in  general  indicate  estuarine  or  lacustrine  rather  than  marine 
conditions.  This  indication  afforded  by  the  rock  itself  is 
confirmed  by  the  character  of  the  fossils,  of  which  more  will 
be  said  later.*  Here  it  may  simply  be  remarked  that  (with 
the  exception,  apparently,  of  a  very  few  molluscan  shells) 
no  marine  fossils  have  been  found  in  any  of  the  Triassic  for- 
mations of  eastern  North  America,  but  only  remains  of 
fresh-water  and  terrestrial  life. 

One  of  the  most  obvious  conclusions  in  regard  to  the 
Tocks  is  that  they  were  deposited  in  shallow  water.  The 
thick  beds  of  sandstone  often  show  oblique  lamination  in 
varying  directions.  This  indicates  that  the  sands  were 
swept  aloner  bv  changfine:  currents.     That  is  exactly  the 

5t  in  a  tidal  estuary.  Many  of  the 
marked  with  the  alternation  of 
as  ripple-mark.  Whether  this 
llation  of  the  water  at  the  bottom 
t  the  surface,  or  to  currents  in  the 
as  in  miniature  dunes,  it  is  certain 
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that  it  can  be  formed  only  in  comparatively  shallow  water. 
Other  markings  frequently  found  on  the  surface  of  the  layers 
show  that  the  surface  was  sometimes  left  bare  by  receding 
tides  or  subsiding  freshets  before  the  deposit  had  consoli- 
dated. Such  evidence  is  afforded  by  the  little  pits  impressed 
occasionally  on  the  sand  or  mud  by  the  drops  of  a  short 
spatter  of  rain ;  also  by  the  network  of  cracks,  often  rudely 
hexagonal  in  their  arrangement,  formed  by  the  shrinkage  of 
the  mud  as  it  dried  in  the  sun.  Testimony  of  the  same  sort 
is  borne  by  the  tracks  of  reptiles  and  other  animals  that 
walked  over  the  still  soft  sands  or  muds.*  A  curious  co- 
incidence often  observed  is  the  radiation  of  mud-cracks 
from  the  tips  of  the  toes  of  tracks.  The  obvious  meaning 
is  that  the  drying  of  the  mud  had  reached  the  point  at  which 
it  was  just  ready  to  crack,  and  the  disturbance  made  by  the 
footstep  overcame  the  force  of  cohesion  and  so  started  the 
crack. 

As  has  been  already  remarked,  the  strata  of  the  Connecti- 
cut Valley  area  have  a  prevalent  dip  to  the  east,  and  the 
edges  of  the  whole  series  of  strata  have  been  exposed  by 
erosion.  It  will  be  seen  hereafter  that  the  tilting  of  the 
strata  was  accompanied  by  a  good  deal  of  fracturing  and 
faulting.  In  a  generalized  and  diagrammatic  fashion  the 
present  condition  of  the  strata  is  represented  in  Fig.  2. 

A  simple  inspection  of  the  figure  shows  that  the  area  of 
the  original  deposit  must  have  been  greater  than  the  area  of 
the  remnant  which  has  been  left  by  erosion.  This  at  once 
suggests  the  question  how  great  we  may  reasonably  suppose 
the  original  extension  of  the  formation  to  have  been.  The 
majority  of  the  geologists  who  have  studied  the  Triassic 
formation  believe  that  it  was  deposited  in  a  number  of  iso- 
lated basins,  and  that  the  boundaries  of  the  areas  of  depo- 
sition were  not  many  miles  removed  in  any  case  from  the 
boundaries  of  the  present  areas  of  the  rocks.  This  view  sub- 
stantially has  been  held  by  Percival,  Dana,  Davis,  Emerson, 


"Many  of  the  specimens  of  ripple-marks,  rain-prints,  and  tracks,  are  casts  of 
the  ori^nat  impressions,  with  the  relief  exactly  reversed,  formed  on  the  under  sur- 
face ofthe  overlying  layer. 


Digitized  by  VjOOQIC 


It 

I  lie 

I 

I 


J 

i. 

'^0 


Digitized  by  VjOOQIC 


THE  GEOLOGY  OF  CONNECTICUT.  ig^ 

Newberry,  Kummel,  and  Shaler.*  It  has  been  maintained, 
on  the  other  hand,  by  a  few  students  of  the  formation,  par- 
ticularly by  Professor  I.  C.  Russell  and  Professor  W.  H. 
Hobbs,  that  the  Triassic  deposit  once  formed  a  continuous 
area  from  Nova  Scotia  (or  at  least  from  Massachusetts)  ta 
South  Carolina,  which  has  been  broken  into  discontinuous 
areas  by  a  vast  amount  of  erosion.t  The  enormous  amount 
of  erosion  demanded  by  this  theory  seems  rather  overwhelm- 
ing to  the  non-geological  reader;  but  the  geologist  appre- 
ciates so  fully  the  unquestionable  fact  that  vast  erosion  has 
taken  place  in  this  region,  as  in  many  other  regions  of  the 
earth's  surface,  that  he  would  find  in  that  requirement  na 
serious  objection  to  the  hypothesis  in  question.  There 
seem  to  be,  however,  two  somewhat  serious  objections  to 
the  hypothesis  that  the  Triassic  sandstones  ever  formed  a 
continuous  area.  It  is  a  little  difficult  to  picture  any  geo- 
graphical conditions  which  would  produce  a  lake  or  estuary 
of  fresh  or  brackish  water  of  so  prodigious  extent.  It  would 
appear  that  a  subsidence  which  would  allow  the  formation 
of  a  continuous  body  of  water  of  that  extent  would  let  in 
the  sea  somewhat  freely.  In  that  case  marine  fossils  would 
naturally  be  expected  to  bear  witness  to  the  fact,  but  almost 
no  marine  fossils  have  been  found.  It  is,  on  the  other  hand, 
easy  to  picture  the  occurrence  of  a  number  of  estuaries, 
lakes,  and  marshes,  along  the  Atlantic  border,  occupying 
hollows  formed  by  folding  or  faulting  of  the  older  rocks.  In 
such  isolated  bodies  of  fresh  or  brackish  water,  we  might 
expect  precisely  such  deposits  to  accumulate  as  are  found 
actually  to  occur.  A  second  objection  to  the  hypothesis  of 
a  continuous  deposit  is  found  in  the  frequent  occurrence  of 
coarse  conglomerates  along  the  margins  of  the  Triassic 
areas.  Coarse  conglomerates  are  rarely  deposited  except  in 
the  immediate  vicinity  of  a  shore  line.  In  general,  if  we 
examine  the  deposits  now  in  process  of  formation,  by  a  line 


•  For  summaries  of  opinion  on  this  question,  see  Rtissell,  Th^  Newark  System^  ch. 
IX;  Hobbs,  The  Newark  System  of  Pomperaufc  Valley,  p.  a8;  Hobbs.  Former  Extent 
of  the  Newark  System^  in  Bull.  Geological  Society  0/  America,  vol.  XIII,  p.  139. 

f  The  former  continuity  of  the  Dan  River  and  Deep  River  beds  in  North  Caro- 
lina was  asserted  by  Kerr  in  1875.  See  Rep.  Geological  Survey  of  North  Carolina^  vol. 
I.  p.  141. 
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of  soundings  or  dredgings  extending  from  the  shore  line  out 
into  water  of  moderate  depth,  we  shall  find  a  gradual  change 
from  shingle  and  gravel  through  sand  to  fine  mud.  In  the 
case  of  rocks  of  the  Connecticut  Valley,  Percival,  Emerson, 
and  others  have  emphasized  the  fact  of  the  occurrence  of 
coarse  conglomerates  along  the  margins  of  the  area,  while 
fine  sandstones  and  shales  are  found  near  the  middle.*  This 
would  seem  to  indicate  that  the  shore  lines  could  not  have 
been  many  miles  from  the  present  margins  of  the  deposits. 
It  is  probable  that,  when  any  particular  stratum  was  de- 
posited, it  was  a  coarse  gravel  at  the  edges  of  the  estuary, 
but  a  fine  sand  or  mud  in  the  middle.  The  strong  tidal  cur- 
rents which  would  have  been  likely  to  prevail  in  such  estu- 
aries would  help  to  explain  the  movement  of  the  very  large 
bowlders  in  some  of  the  fragmental  conglomerates.  It 
seems,  therefore,  on  the  whole,  probable  that  the  deposits  in 
question  were  originally  formed  in  isolated  basins,  whose 
extent  was  not  very  much  greater  than  the  areas  now  occu- 
pied by  the  rocks.  In  Connecticut,  for  instance,  we  may  rea- 
sonably believe  that  the  little  area  of  the  Pomperaug  Valley 
was  once  continuous  with  the  larger  area  of  the  Connecticut 
Valley ;  but  it  is  not  probable  that  the  Connecticut  area  was 
ever  connected  with  the  New  York-Virginia  area. 

FOSSILS. 

Plants. —  The  strata  of  black  shale  which  have  been 
mentioned  contain  somewhat  abundant  remains  of  plants. 
This  is  especially  true  of  the  Richmond  area,  and  of  some 
of  the  other  southern  areas,  where  the  conditions  during  part 
of  the  period  of  the  deposition  of  the  rocks  were  those  of  a 
marsh,  and  where  the  accumulation  of  vegetable  material 
has  resulted  in  the  formation  of  beds  of  coal.  With  the  ex- 
ception of  a  few  obscure  and  doubtful  forms,  the  plants  be- 
long to  four  different  groups.  The  Pteridophytes  or  Acro- 
gens,  the  highest  class  of  the  flowerless  plants,  are  repre- 

*  While  I  believe  these  writers  are  justified  in  asserting:  such  a  distinction  be- 
tween the  marginal  and  the  central  parts  of  the  formation,  there  are  exceptions 
Gregory  {^Farmington  FoliolS  has  called  attention  to  the  occurrence  of  pretty  coarse 
conglomerates  north  of  Meriden  and  at  Windsor,  near  the  middle  of  the  basin. 
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sented  by  the  two  groups  of  Ferns  and  Equiseta.  The 
Gymnosperms,  the  lower  of  the  two  classes  of  the  flowering 
plants,  are  represented  by  Cycads*  and  Conifers.  Among 
the  Equiseta  it  is  noteworthy  that  the  Carboniferous  genus 
Calamites  still  survived.  The  general  facies  of  the  vege- 
tation, however,  is  strikingly  different  from  that  of  the  Car- 
boniferous, in  the  vastly  greater  development  of  Cycads 
and  Conifers.  The  Gymnosperms  were  becoming  the  domi- 
nant group.  On  the  other  hand,  the  vegetation  whose  re- 
mains are  preserved  in  these  strata  differs  strikingly  from 
the  vegetation  of  the  present  time,  in  the  complete  absence 
of  the  higher  class  of  flowering  plants,  the  Angiosperms, 
which  now  dominate  the  field  and  forest. 

.Invertebrates. —  The  rocks  have  thus  far  afforded  no 
Corals  nor  Echinoderms  nor  Brachiopods.  The  absence  of 
these  marine  groups  is  correlated  with  the  probable  de- 
position of  the  strata  in  water  which  was  fresh  or  at  least 
brackish.  A  few  species  of  molluscan  shells  have  been 
found,  some  of  which  are  believed  to  be  fresh-water  forms, 
more  or  less  closely  allied  to  the  Unionidae,  or  fresh-water 
mussels,  of  our  present  ponds  and  rivers.  In  Pennsylvania, 
indeed,  it  is  believed  that  two  species  of  the  modern  genus 
Unio  have  been  recognized.  The  only  Mollusk  which  has 
been  found  in  the  Connecticut  Valley  area  was  found  in 
Wilbraham,  Massachusetts,  and  has  been  referred  to  the 
genus  Anoplophora,  which  is  believed  to  represent  an  an- 
cestral form  from  which  the  modern  fresh-water  mussels 
were  derived.t  A  few  shells  from  Pennsylvania  are  believed 
to  have  been  marine.  That  occasional  stragglers  of  marine 
forms  should  be  present  in  an  estuarine  deposit  is,  on  general 
principles,  what  might  reasonably  be  expected.  In  the  black 
shales  of  the  New  York-Virginia  area  and  of  some  of  the 
more  southern  areas  have  been  found  a  few  small  Crustacea 
representing  the  two  groups  of  the  Ostracoids  and  the 
Branchiopods.    In  the  Connecticut  Valley  area,  both  in  Mas- 


*  A  beautiful  specimen  showins^  the  characteristic  foliage  of  a  Cyead  is  repre- 
sented in  Plate  XVI. 

\  Am.  Journal  of  Sciencey  series  4,  vol.  X,  p.  58. 
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sachusetts  and  in  Connecticut,  specimens  have  been  found  of 
the  aquatic  larva  of  a  neuropterous  insect.  It  has  been 
described  under  the  name  of  Mormolucoides  articulates. 
Some  of  the  finer  shales  are  marked  with  delicate  impres- 
sions, which  with  much  probability  have  been  supposed  to 
be  tracks  of  Crustacea  and  Insects. 

Fishes. —  A  number  of  species  of  Fishes  have  been  found 
in  the  black  shales,  both  in  the  Connecticut  Valley  area  and 
farther  south.  All  these  fishes  are  included  among  the 
Ganoids.*  Most  of  the  fishes  are  Palaeoniscoidst  or  Lepid*- 
osteoids.  The  Palaeoniscoids  are  now  entirely  extinct,^ 
though  the  sturgeons  represent  an  aberrant  group  somewhat 
closely  related  to  them.  The  Lepidosteoids  are  represented 
by  the  gar-pike,  or  bony  gar,  of  our  western  rivers.  One 
genus  of  these  fossil  fishes  belongs  to  the  older  and  more 
primitive  group  of  the  Crossopterygians,  a  group  which  is 
represented  among  living  fishes  by  a  few  species  of  Polyp- 
terus  and  Calamoichthys  in  the  rivers  of  Africa.  It  is  prob- 
able that  the  fossil  fishes,  like  their  nearest  living  representa- 
tives, were  fresh-water  forms. 

Amphibians  and  Reptiles. —  A  number  of  finds  of  rep- 
tilian bones  have  been  reported  from  the  Connecticut  Valley 
area  and  from  Pennsylvania  and  North  Carolina.  Most  of 
these  are  too  fragmentary  to  admit  of  very  satisfactory  de- 
termination; yet  these  remains  have  sufficed  to  prove  that 
the  Amphibia  are  represented  by  remains  of  Stegocephala, 
and  the  Reptiles. by  remains  of  Crocodilians  and  Dinosaurs. 
Almost  half  a  century  ago  Emmons  described  a  pretty  well 
preserved  skull  of  a  Crocodilian,  Rhytidodon  (Rutiodon) 
carolinensis,  from  the  Deep  River  coal  beds  of  North  Caro- 
lina. In  comparatively  recent  years  a  few  discoveries  of 
great  importance  have  been  made  in  the  Connecticut  Val- 
ley area.    In  1884,  near  Manchester,  Connecticut,  was  found 

♦This  name  is  here  used  merely  as  a  matter  of  convenience.    The  name  Ganoid  ' 
though  widely  current  in  the  literature  of  the  subject,  does  not  represent  a  natural 
group. 

t  Catopterus  is  placed  in  this  group  by  Zittcl  (iti  his  GrundzUge  der  Palaeontolo- 
gies A.  S.  Woodward,  and  Eastman,  thobgh  it  shows  close  gradation  toward  the  Lcp-^ 
idosteoids.  A  specimen  of  this  genus  from  Durharm  is  shown  in  Plate  XVII. 
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Pig:.  3.    Restoration  of  Anchisaurus  colurus.  One-fourteenth  natural  size.  From  Sixteenth 


iftg.  3.    Restoration  ot  Anchisaurus 
^nnutU  Report  of  U.  S.  Geologrical  Survey, 
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a  considerable  part  of  the  skeleton  of  a  Dinosaur,  which 
has  been  named  by  Marsh  Ammosaurus  major.  A  few 
years  later  there  was  found  in  the  same  locality  a  nearly 
complete  skeleton  of  another  species  of  the  same  group 
which  has  been  described  under  the  name  Anchisaurus 
colurtis,'^  This  specimen  was  so  perfect  as  to  afford  Marsh 
satisfactory  data  for  a  restoration  of  the  animal  (Fig.  3). 
The  animal  must  have  been  four  or  five  feet  in  length.  Re- 
mains of  another  species  of  the  same  genus  have  been  found 
in  the  same  vicinity.  Ammosaurus  major  must  have  been  an 
animal  considerably  larger  than  either  of  the  species  of 
Anchisaurus.  To  the  genus  Ammosaurus  Marsh  refers  also 
the  fragmentary  remains  found  in  1865,  at  Springfield,  Mas- 
sachusetts, and  described  in  Hitchcock's  "  Supplement  to  the 
Ichnology  of  New  England,"  under  the  name  Megadactylus 
polyzelus.  All  these  forms  belong  to  the  suborder  of  Dino- 
saurs known  as  Theropoda.  They  were  completely  bipedal 
in  their  locomotion  and  were  carnivorous.  In  1896  was 
found  in  New  Haven  a  considerable  fragment  of  the  dermal 
armor  of  a  Crocodilian.  It  was  described  by  Marsh  under 
the  name  Stegomus  arcuatusA  The  entire  animal  may  have 
been  eight  or  ten  feet  long.  Still  more  recently  (1904)  Pro- 
fessor Emerson  has  reported  the  discovery,  at  East  Long- 
meadow,  Massachusetts,  of  a  nearly  complete  specimen 
belonging  to  an  allied  but  much  smaller  species,  Stegomus 
longipesX  The  specimen  is  about  six  inches  in  length, 
measured  to  the  base  of  the  tail,  most  of  which  is  missing. 
The  Crocodilians  which  have  been  found  in  these  rocks  all 
belong  to  a  suborder  now  entirely  extinct. 

While  remains  of  reptilian  bones  have  been  compara- 
tively rare,  many  layers  of  the  deposits  are  crowded  with 
tracks,  which  must  have  been  made  by  Reptiles  or  Am- 
phibians. The  most  abundant  tracks  are  three-toed,  and 
were  apparently  made  by  creatures  whose  locomotion  was 
completely   bipedal.      In    all    probability    these   three-toed 


*  Am.  Journal  of  Science,  Series  i,  vol.  XLII,  p.  167;  Dinosaurs  of  North  Amer- 
ica^ in  Sixteenth  Ann.  Rep.  U.  S.  Geological  Survey^  part  I,  p.  147. 
^  Am.  Journal  of  Science^  series  4,  vol.  II,  p.  59. 
%  Am.  Journal  of  .Science^  series  4,  vol.  XVII,  p.  377. 
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tracks  are  to  be  referred  to  the  reptilian  order  of  Dinosaurs. 
From  the  skeletons  of  Dinosaurs  which  have  been  found  in 
considerable  numbers  in  va- 
rious parts  of  the  world, 
we  know  that  most  of 
the  members  of  the  order 
must  have  been  completely 
bipedal,  and  that  the  num- 
ber of  toes  was  often  re- 
duced to  three,  while  in 
other  species  the  number 
of  toes  was  four,  but 
the  inner  toe,  the  homo-  ^ 
logue  of  our  great  toe,  was 
so  small  or  inserted  so  far 
above  the  level  of  the  others 
as  to  make  no  impression  in 

the  track.    Such  a  Dinosaur,  j 

then,  would  make  a  single 
row  of  three-toed  tracks, 
which  is  exactly  the  charac- 
ter  of    the    most    abundant 

tracks   in   our  Triassic    for-  /. 

mation.  Fig.  4  represents 
perhaps   the   most   common  ,J'<VrJjJSi»  ^JX^f»?:ifr^5S?: 

tyw^^^l^e.  ^t  4'»^^\^r>  ,^S  ^-Ul^  half  natuial  slzc.  The  bones  represented 
species  of  tracks  of  this  inthediaKr-marethoseof /^/i?Aijtf«ri/x 
4-,,.^^        T*    :«    W^i:^...^^    U,.   Tk-     colurus.     Frt'm  Lull,  Fossil  Footprints 

type.  It  IS  believed  by  Dr.  0/ the  jura- Trias. 
Lull  to  be  the  track  of  Anchisaurus  colurus,'^  The  bones  of 
the  foot,  represented  in  the  figure  in  connection  with  the  out- 
line of  the  track,  are  those  of  Anchisaurus  colurus.  In  other 
cases,  associated  with  the  large  tracks  supposed  to  have  been 
made  by  the  hind  feet,  are  occasional  smaller  tracks,  indi- 
cating that,  while  the  creatures  were  mainly  bipedal  in  their 
locomotion,  they  occasionally  placed  their  fore  paws  on  the 
ground.  This  was  the  case  with  Otozoum  moodii,  which  was 
apparently  the  largest  of  all  the  animials  whose  tracks  are 
found  in   the  Connecticut  sandstones.     The  tracks  of  its 


i 


•  Memoirs  of  Boston  Society  of  Natural  History^  vol.  V,  p.  487. 
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hind  feet  are  about  twenty  inches  in  length.  Fig.  5  repre- 
sents a  series  of  these  huge  tracks,  asso- 
ciated with  several  tracks  of  the  more 
abundant  Anchisauripus  dananus  (Bronto- 
zoum  Sillimanium) .  While  all  the  dino- 
saurian  bones  and  teeth  which  have  been 
discovered  belong  to  the  carnivorous  sub- 
order Theropoda,  some  of  the  tracks  indi- 
cate animals  whose  toes  were  armed  with 
blunt  claws  such  as  would  seem  unsuit- 
able for  a  carnivorous  animal.  Dr.  Lull 
has  raised  the  question  whether  some  of 
these  tracks  may  not  have  been  made  by 
representatives  of  the  Predentata  —  her- 
bivorous, mostly  bipedal,  Dinosaurs.*  No 
skeletons  of  Predentata  have  been  found 
in  any  part  of  the  world  in  any  formation 
as  early  as  the  probable  date  of  the  Con- 
necticut sandstone.  Still  other  tracks  — 
for  the  most  part  small  ones  —  were 
made  by  creatures  that  were  unquestion- 
ably quadrupedal,  the  separate  impres- 
sions of  the  fore  and  hind  feet  being 
clearly  distinguishable.  One  type  of 
these  small  quadrupedal  tracks,  repre- 
sented in  Fig.  6,  was  probably  made  by 
little  Crocodilians,  like  the  one  whose 
skeleton  has  recently  been  brought  to 
light  from  Massachusetts.t  A  few  of  the 
tracks  have  been  very  doubtfully  attribu- 
ted to  Turtles.  Of  course  there  is  a  con- 
siderable   element   of   conjecture    in    the„^^^;*-  Tracks  of 

•'  Batrachofus  (Antsopus, 

identification  of  animals  on  the  evidence  ^'"^'f/'»«^>/r*»"^" 

One-half  natural  size. 

of  tracks  alone;  and,  while  most  of  these ^^^J^^.J^^^^y^ ^^ra- 

tracks  were  doubtless  made  by  Reptiles,  it  is  ^"'^^ 

not  unlikely  that  some  of  them  were  made  by  Amphibians. 

•  op.  cit.y  pp.  499. 544. 

t  Lull,  Am.  Journal  of  Science^  series  4,  vol.  XVII,  p.  381. 
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Birds. —  The  three-toed  tracks  which  have  just  been 
mentioned  are  often  popularly  spoken  of  as  bird-tracks; 
and  that  is  not  unnatural,  for  a  three-toed  bipedal  track  is 
very  suggestive  of  a  bird.  It  is,  however,  highly  improbable 
that  the  class  of  Birds  was  in  existence  at  the  time  of  these 
deposits.  No  skeletons  of  birds  have  been  found  in  any  part 
of  the  world  in  any  formations  earlier  than  the  upper  part  of 
the  Jurassic.  The  formation  in  question  must  pretty  cer- 
tainly be  referred  to  a  considerably  earlier  date.  It  is,  how- 
ever, known,  by  the  clear  evidence  afforded  by  skeletons, 
that,  at  the  time  when  we  must  suppose  these  strata  to  have 
been  deposited.  Dinosaurs,  which  would  make  substantially 
bird-like  tracks,  must  have  been  abundant.  The  gigantic 
size  of  some  of  the  three-toed  tracks  is  to  some  extent  con- 
firmatory of  their  reference  to  Dinosaurs  rather  than  birds. 
The  birds  of  the  Jurassic  era,  and  most  of  those  of  the  Cre- 
taceous, were  comparatively  small  animals.  Very  large 
birdsj  like  the  modern  ostriches,  are  not  known  to  occur 
until  a  considerably  later  period.  But  many  of  the  Dino- 
saurs in  all  Mesozoic  time  were  gigantic. 

Mammals. —  No  remains  of  Mammals  have  been  found  in 
the  rocks  of  the  Connecticut  Valley.  In  North  Carolina, 
however,  have  been  found  two  little  jaws,  which  are  sup- 
posed to  represent  two  different  species  and  even  two  dif- 
ferent genera  of  Mammals.  These  little  jaws  show  a  very 
peculiar  type  of  molar  teeth.  In  general,  mammalian  mo- 
lars have  the  root  divided  into  two  or  more  fangs,  while  the 
simpler  teeth  of  Reptiles  show  a  single  undivided  root.  In 
the  teeth  of  these  little  fossils,  the  root  is  grooved,  indicating 
a  transition  from  the  simpler  form  of  the  reptilian  tooth  to 
the  completely  divided  fangs  of  the  mammalian  tooth. 
There  has  been,  indeed,  some  doubt  among  paleontologists 
as  to  .whether  these  little  relics  are  truly  mammalian  or  rep- 
tilian. In  all  probability  they  represent  an  extremely 
primitive  type  of  Mammal,  in  which  the  characters  of  the 
more  typical  Mammals  had  not  yet  been  completely  evolved. 
It  is  a  reasonable  conjecture  that,  if  we  could  study  the  com- 
plete anatomy  of  these  little  creatures,  we  might  find  some 
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of  those  same  peculiarities  of  the  skeleton  and  of  the  soft 
parts,  particularly  of  the  reproductive  organs,  which  now 
characterize  the  duck-bill  and  the  spiny  ant-eater  of  Aus- 
tralia, the  lowest  and  most  reptilian  of  living  Mammals. 
These  modern  Monotremes  are  toothless,  at  least  in  their 
adult  condition;  but  it  is  altogether  probable  that  the  most 
primitive  Monotremes,  like  the  Reptiles,  from  which  they 
must  have  been  derived,  possessed  teeth. 

THE  AGE  OF  THE  ROCKS. 

The  formation  which  we  are  considering  has  been  thus 
far  called  provisionally  Triassic.  This  seems  the  proper 
place  for  a  word  in  regard  to  the  evidence  upon  which  the 
rocks  are  referred  to  that  era.  The  fundamental  criterion 
by  which  the  relative  age  of  stratified  rocks  is  determined  is 
the  order  of  superposition  of  the  strata.  It  is  self-evident 
that  every  stratum  is  newer  than  the  strata  upon  which  it 
has  been  deposited,  and  older  than  any  strata  which  have 
been  deposited  upon  it;  and  upon  this  simple  principle 
rests  the  whole  scheme  of  the  history  of  successive  geologi- 
cal periods. 

It  is,  however,  obvious  that  the  criterion  of  superposition 
can  be  employed  only  within  the  limits  of  particular  districts 
of  country.  We  cannot  prove  that  a  stratum  in  Connecticut 
underlies  or  overlies  a  stratum  in  England  or  in  North 
Carolina.  The  only  available  means  for  determining  the 
comparative  age  of  rocks  of  different  districts  of  country 
is  found  in  the  fossils  which  they  contain.  When  the  order 
of  succession  of  strata  has  been  made  out  independently  in 
a  number  of  districts  of  country,  and  the  characteristic  fos- 
sils of  each  stratum  have  been  catalogued,  there  has  been 
brought  to  light  the  profoundly  significant  fact  that  the 
order  of  succession  in  fossils  is  substantially  the  same  all 
over  the  world.  The  series  of  fossiliferous  formations  is  not 
indeed  complete  in  any  one  district,  but  the  order  of  those 
members  of  the  series  which  are  present  in  any  particular 
district  is  never  inverted.  If,  for  instance,  in  one  locality, 
as  in  England,  an  assemblage  of  fossils  which  we  may  call 
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A,  B,  C,  is  observed  in  one  stratum,  and  in  an  overlying^ 
stratum  is  found  an  assemblage  of  fossils  which  we  may  call 
D,  E,  F,  then  nowhere  in  the  world  will  the  assemblage  of 
fossils  D,  E,  F  be  found  underlying  the  assemblage  A,  B,  C. 
The  law  which  has  been  stated  is  an  induction  from  a  vast 
series  of  observations,  and  is  abundantly  verified  as  a  gen- 
eral law,  even  though  there  may  be  isolated  exceptions  as 
regards  the  position  of  particular  genera  or  species. 

While  this  law  has  been  developed  inductively  by  the 
study  of  fossils,  it  may  be  recognized  as  probable  a  priori 
on  the  basis  of  the  theory  of  evolution.  It  is  a  reasonable 
supposition  that  the  broad  outlines  of  the  evolutionary 
history  of  plants  and  animals  are  due  to  causes  operating 
simultaneously  in  aft  parts  of  the  world.  It  is  therefore 
probable  that  the  broad  outlines  of  evolutionary  history 
have  been  the  same  in  different  continents  or  in  different 
oceans.  It  is  also  reasonj^ble  to  suppose  that  the  vicissi- 
tudes of  geological  time  have  permitted  or  compelled  mi- 
gration in  all  sorts  of  directions,  and  by  such  migration  the 
tendencies  to  divergent  evolution  in  different  parts  of  the 
earth's  surface  must  have  been  largely  held  in  check.  It  is, 
however,  obvious  that  different  groups  of  organisms  must 
be  of  unequal  value  as  criteria  of  geological  age.  Con- 
ditions of  life  in  shallow  seas  adjoining  the  continents  differ 
much  less  than  conditions  of  life  in  different  land  areas. 
Hence  there  is  much  less  tendency  to  faunal  divergence  in 
the  case  of  marine  organisms  than  in  the  case  of  terrestrial 
organisms.  In  the  distribution  of  organisms  at  the  present 
time,  it  may  be  observed  that  marine  species  are  apt  to 
have  wider  ranges  than  terrestrial,  and  that  the  difference 
between  the  faunas  of  different  seas  is  much  less  than  be- 
tween the  faunas  of  different  continental  areas.  The  same 
must  have  been  true,  in  greater  or  less  degree,  in*former 
geological  times.  It  is  also  true,  in  general,  that  the  higher 
and  more  complex  organisms  depend  upon  a  more  exquisite 
adaptation  to  particular  conditions  of  existence  than  do  the 
lower  organisms.  The  differences  between  the  mammalian 
faunas  or  different  continents  today  are  much  more  strongly 
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marked  then  the  differences  between  the  invertebrate 
faunas  of  different  areas.  For  both  of  these  reasons,  there- 
fore, the  marine  invertebrates  are  by  far  the  most  service- 
able fossils  in  the  discrimination  of  the  age  of  deposits. 
The  value  of  some  groups  of  marine  invertebrates  as  criteria 
of  geological  age  is  further  enhanced  by  the  fact  that,  owing 
to  the  conditions  in  which  they  live,  and  the  large  quantity 
of  mineral  matter  in  th^ir  tissues,  they  are  preserved  in  fos- 
sil condition  in  immense  numbers.  Mollusks  and  brachio- 
pods,  crinoids  and  corals,  are  in  general  the  most  abundant 
fossils.  It  may  be  considered  certain  that  our  knowledge  of 
the  molluscan  life  of  different  periods  is  vastly  less  incom- 
plete than  our  knowledge  of  avian  or  mammalian  life. 

Applying  these  principles  to  the  formation  jwhich  we  are 
considering,  we  must  say,  in  the  first  place,  that  the  direct 
stratigraphic  evidence  in  the  case  of  the  sandstones  of  the 
Connecticut  Valley  area  gives  us  very  little  information. 
The  Connecticut  Valley  sandstones  rest  unconformably 
•  upon  the  crystalline  schists  of  the  Highland  areas.  It  is  re- 
markable that  in  Connecticut  actual  contact  has  been  ob- 
served only  in  a  single  locality  —  the  ravine  of  Roaring 
Brook,  in  Southington.*  The  clearly  marked  unconform- 
ability  of  this  contact  shows  that  the  sandstones  were 
formed,  not  only  subsequently  to  the  original  deposition  of 
the  schists,  but  subsequently  to  their  tilting  and  metamor- 
phism  and  to  a  considerable  amount  of  erosion.  But  the 
destruction  of  fossils  in  the  metamorphism  of  these  crystal- 
line rocks  has  left  us  destitute  of  any  definite  knowledge  of 
their  age.  All  that  we  can  be  sure  of  in  regard  to  the  crys- 
talline rocks  is  that  they  are  not  later  than  the  Paleozoic; 
The  stratigraphy  of  the  Connecticut  Valley  area  affords  no 
other  indication  of  an  upper  limit  of  the  age  of  the  sand- 
stones than  the  fact  that  they  are  overlain  by  Glacial  drift. 
In  some  of  the  other  areas,  however,  more  definite  informa- 
tion is  afforded  by  the  stratigraphy ;  and  there  is  no  reason- 
able doubt  that  the  deposits  in  all  the  areas  which  have  been 
enumerated!  are  substantially  identical  in  age.     In  Nova 


•See  page  8i,  and  Plate  XIII. 
t  Page  i6j. 
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Scotia,  the  formation  in  question  overlies  unconformably 
Carboniferous  strata.  In  New  Jersey,  the  formation  is  over- 
lain by  the  Potomac  formation,  which  has  been  generally 
considered  to  be  Lower  Cretaceous,  though  it  is  possible 
that  the  lowest  beds  of  the  Potomac  may  belong  to  the 
uppermost  part  of  the  Jurassic.  Stratigraphical  evidence, 
then,  leads  to  the  conclusion  that  the  red  sandstones  and  as- 
sociated rocks  are  not  older  than  the  Triassic  and  not  later 
than  the  Jurassic. 

We  have  already  seen  that,  with  the  exception  of  a  very 
few  molluscan  shells,  no  marine  invertebrates  are  found  in 
any  of  the  areas  of  this  formation.  We  are  then  practically 
destitute  of  those  fossils  which  are  of  the  greatest  value  in 
the  determination  of  the  age  of  the  strata.  Some  of  the 
strata  of  the  European  Triassic  and  Jurassic  abound  in 
marine  fossils,  but  there  are  no  means  of  correlating  the 
sandstones  in  question  with  those  marine  strata.  The  best 
paleontological  evidence  which  is  available  is  afforded  by 
comparison  of  the  fossil  plants,  which  occur  abundantly  in 
some  areas  of  the  formation,  particularly  in  the  Richmond 
area,  with  the  fossil  plants  of  some  of  the  European  strata. 
Such  a  comparison  shows  that  the  flora  of  these  sand- 
stones finds  its  nearest  equivalent  in  that  of  the  Keuper, 
the  uppermost  division  of  the  European  Trias.  The  indi- 
cations afforded  by  the  fishes  and  reptiles,  though  more 
scanty,  are  in  harmony,  so  far  as  they  go,  with  the  evidence 
of  the  plants.  It  is  therefore  altogether  probable  that  we 
are  justified  in  applying  to  the  Connecticut  sandstones  and 
the  corresponding  formations  of  other  areas  the  name  of 
Triassic.  In  the  somewhat  unsatisfactory  condition  of  the 
evidence  in  regard  to  the  age  of  these  formations,  some 
geologists  have  been  accustomed  to  speak  of  them  under  the 
name  Jura-Trias,  thus  avoiding  a  more  definite  expression 
of  opinion  in  regard  to  the  age.  In  the  publications  of  the 
United  States  Geological  Survey,  the  formation  has  been 
generally  called  the  Newark  formation,  the  name  being  de- 
rived from  the  city  in  New  Jersey.  It  seems,  however,  best 
to  apply  to  the  rocks  in  question  the  name  Triassic,  though 
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it  must  be  conceded  that  the  evidence  is  not  such  as  to  ex- 
clude all  doubt. 

THE  TRAP  ROCKS. 

Associated  with  the  sandstones  and  other  stratified 
rocks  are  extensive  terranes  of  igneous  rock,  whose  history 
and  whose  relations  to  the  stratified  rocks  present  many- 
interesting  problems.  These  igneous  rocks  are  commonly 
known  under  the  name  of  trap,  the  name  trap  denoting 
vaguely  a  dark,  basic,  rather  fine-grained  igneous  rock,  with- 
out regard  to  its  definite  chemical  or  mineralogical  consti- 
tution. 

Mineral  Constitution. —  With  insignificant  exceptions, 
to  which  reference  will  be  made  later,  the  igneous  rocks  of 
these  Triassic  areas  present  a  remarkable  degree  of  unifor- 
mity of  character.  They  consist  chiefly  of  augite  and  labra- 
dorite.  While  labradorite  is  the  predominant  feldspar,  there 
is  often  present  some  other  species  of  triclinic  feldspar, 
which  is  andesine  or  anorthite,  at  least  in  most  cases.  Chry- 
solite (olivine)  and  apatite  occur  sparingly  in  the  rock,  and 
the  former  is  sometimes  altered  to  serpentine.  Magnetite,  the 
magnetic  oxide  of  iron,  occurs  often  in  such  abundance  that 
the  rock  masses  show  themselves  strongly  magnetic.  If  a 
compass  is  moved  about  on  the  surface  of  one  of  our  trap 
hills,  the  needle  will  often  change  its  direction  ninety  de- 
grees or  more  when  moved  only  a  few  inches.  The  chemi- 
cal work  done  in  the  laboratory  of  the  New  Jersey  Geo- 
logical Survey  has  shown  that  the  trap  rocks  of  that  area 
sometimes  contain  not  only  magnetite,  but  metallic  iron  in 
minute  grains.*  The  same  is  very  probably  true  of  the  trap 
of  other  areas.  Chlorite  appears  often  as  an  alteration  pro- 
duct in  traps  that  are  somewhat  decomposed.  The  rock  is 
generally  fine-grained,  but  is  almost  always  holocrystalline, 
or  nearly  so.  Its  solidification  was  too  rapid  to  permit  the 
coarse  crystallization  which  characterizes  the  plutonic  rocks, 
but  not  sufficiently  rapid  to  form  any  considerable  amount 


*  Ann.  Rep.  State  Geologist,  1874,  p.  56. 
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ol  ylrtH«^.    A  rock  Jiuch  as  is  described  above  would  be  called 
M  diMlmnr  or  httJ*nlt.    Typically,  diabase  is  holocrystalline, 
while  h«»*rtU  contains!  at  least  traces  of  glass.    Diabase  shows 
In  gcncial  a  conrncr  crystalline  grain  than  basalt.    We  shall 
urc  later  (page  \\u)  that  some  of  the  Connecticut  traps  are 
UvA  ahcrts»  while  other*  solidified  below  the  surface  in  fis- 
nu»c»  \\\  the  sandstones.    On  the  average,  the  extrusive  traps 
ai-e  son^cwhat  finer^graineil  than  the  intrusive,  and  the  for- 
mer are  more  likely  to  show  a  little  glass  when  examined 
«ndet  the  nucr\vtc\^pe;   though  specimens  could  doubtless 
he  selet  ted  {^\^m  the  extrxji^ix-e  traps  (especially  from  near 
*                         the  nuthlle  of  the  main  shect>  which  could  not  be  distin- 
^                         ^Mtijihod  Cu^m  other  si>ecimens  that  mi^rht  be  selected  from 
^                         the   inttusive   traiv<.     In   recent   publications,  the  United 
"                         States  I ic^^^^^|iKal  Surxev   has  called  the  extrusive  sheets 
^*                         hl^^AU,  A\u<  the  iutr\i;Mve  d:kc$  and  sheets  diabase.    That 
P'                          UNAj^x^  NnOI  acxvrvtin^U*  be  fvv\^>*evi  in  the  present  work  and 
^^                         \\\  othei  Uultetin*  ot  the  Ov^r.nccttov,:  State  Strrvey. 
^^                               Tl^e  folVnxii^i:  araS  v<    >\  Dr.  J   H.  Pratt  •  of  the  basalt 
^^                        of  the  main  ^^heet.  t>vn*  Mc^.-.v^.  i^  tjiker.  fr-r::  rVcfesscjr 
"^^  ^oVij\M\  X  |M|H^r  m  the   Kji ct."".   F.^'k-*  .-*:  the  Vr.tfi 
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of  glass.  A  rock  such  as  is  described  above  would  be  called 
a  diabase  or  basalt.  Typically,  diabase  is  holocrystalline, 
while  basalt  contains  at  least  traces  of  glass.  Diabase  shows 
in  general  a  coarser  crystalline  grain  than  basalt.  We  shall 
see  later  (page  192)  that  some  of  the  Connecticut  traps  are 
lava  sheets,  while  others  solidified  below  the  surface  in  fis- 
sures in  the  sandstones.  On  the  average,  the  extrusive  traps 
are  somewhat  finer-grained  than  the  intrusive,  and  the  for- 
mer are  more  likely  to  show  a  little  glass  when  examined 
under  the  microscope;  though  specimens  could  doubtless 
be  selected  from  the  extrusive  traps  (especially  from  near 
the  middle  of  the  main  sheet)  which  could  not  be  distin- 
guished from  other  specimens  that  might  be  selected  from 
the  intrusive  traps.  In  recent  publications,  the  United 
States  Geological  Survey  has  called  the  extrusive  sheets 
basalt,  and  the  intrusive  dikes  and  sheets  diabase.  That 
usage  will  accordingly  be  followed  in  the  present  work  and 
in  other  Bulletins  of  the  Connecticut  State  Survey. 

The  following  analysis  (by  Dr.  J.  H.  Pratt)  of  the  basalt 
of  the  main  sheet,  from  Meriden,  is  taken  from  Professor 
Gregory's  paper  in  the  Farmington  Folio  of  the  United 
States  Geologic  Atlas :  — 


SiO,     . 

52-37 

A1,0...    . 

. 

15.06 

Fe,0, 

2.34 

FeO 

9.82 

TiOj 

.21 

MnO 

•32 

MgO 

5.38 

CaO 

7-33 

K,0 

.92 

NajO 

4.04 

H,0 

2.24 

100.03 

In  many  localities  the  basalt  of  the  extrusive  sheets  was 
rendered  vesicular  by  the  expansion  of  steam  in  the  molten 
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mass.  The  vesicles  vary  from  microscopic  dimensions  to  a 
diameter  of  several  inches  or  even  feet.  The  vesicles  are 
generally  filled  or  lined  by  minerals,  often  beautifully  crys- 
tallized, which  have  been  chemically  deposited  by  percolat- 
ing water.  The  rock  is  then  said  to  be  amygdaloidal. 
In  the  Connecticut  Valley  area,  the  minerals  most 
frequently  occurring  in  the  cavities  of  amygdaloid  are 
quartz,  calcite,  chlorite,  prehnite,  and  datolite.  The  quartz 
is  sometimes  in  drusy  crystallizations,  but  sometimes  it  has 
the  form  of  chalcedony  or  agate.  Occasionally  sulphuric 
acid,  formed  by  oxidation  of  pyrite,  has  converted  the  calcite 
into  gypsum  or  anhydrite.  Zeolites  appear  to  be  rare  in 
Connecticut,  though  occurring  in  great  abundance  in  the 
amygdaloids  of  Nova  Scotia  and  New  Jersey.  Asphaltum 
is  occasionally  found  in  the  cavities  of  our  amygdaloids. 

Columnar  Structure. —  In  the  cooling  of  igneous  rocks, 
it  is  often  the  case  that  cracks  are  developed,  dividing  the 
rocks  into  prismatic  forms.  This  structure  is  commonly 
called  the  columnar  structure,  and  is  exhibited  in  great  per- 
fection in  many  localities  of  igneous  rock.  Theoretically, 
these  shrinkage  cracks,  if  the  rock  were  perfectly  homo- 
geneous, and  cooling  advanced  at  an  equal  rate  in  all  parts, 
should  meet  at  angles  of  120°,  and  divide  the  mass  into 
hexagonal  prisms.  In  spite  of  much  irregularity,  a  tendency 
to  hexagonal  forms  is  often  obvious.  The  direction  of  the 
axis  of  the  columns  should  be  perpendicular  to  the  cooling 
surface.  The  trap  rocks  of  the  Connecticut  Valley  often  ex- 
hibit the  columnar  structure  in  a  rude  and  irregular  manner. 
In  a  few  places  pretty  regular  columns  are  observed.  The 
best  example  which  has  been  noted  in  the  state  of  Con- 
necticut is  at  Rabbit  Rock,  near  New  Haven  (see 
Plate  XVIII).  The  Massachusetts  geologists  have  called 
attention  to  good  examples  of  columnar  structure  at 
Mt.  Holyoke.  Still  finer  examples  of  columnar  structure  in 
trap  are  to  be  seen  in  the  vicinity  of  Orange,  New  Jersey. 

Modes  of  Occurrence  of  the  Trap. —  The  trap  sometimes 
occurs  in  dikes,  cutting  across  the  strata  at  a  high  angle. 
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In  the  Connecticut  Valley  area,  dikes  seem  to  be  especially 
abundant  in  the  southern  part  of  the  area.  Numerous  small 
dikes  and  some  large  ones  are  observed  in  the  vicinity  of 
New  Haven.  The  hills  called  Pine  Rock  and  Mill  Rock  are 
formed  by  large  dikes.  The  trap  of  Mt.  Carmel  appears  to 
be  a  complex  mass  of  dikes. 

The  larger  masses  of  trap  in  the  Acadian,  the  Connecti- 
cut Valley,  and  the  New  York-Virginia  areas  have  the 
character  of  sheets;  that  is,  instead  of  cutting  across  the 
strata  at  a  high  angle,  they  extend  nearly  or  quite  parallel 
with  the  associated  strata,  so  that  they  seem  to  have  the 
stratigraphical  relations  of  truly  stratified  rocks.  In  Con- 
necticut, we  find  two  lines  of  outcrop  of  trap  close  to  the 
western  margin  of  the  area,  one  of  them  extending  from 
New  Haven  to  Cheshire,  and  the  other  extending,  with  some 
interruption,  from  Avon  to  Granby  (see  Fig.  I,  page  19). 
Whether  these  were  ever  continuous  with  each  other  is  un- 
known. Farther  east  there  may  be  traced,  with  many  inter- 
ruptions, the  cause  of  which  will  be  explained  hereafter,  the 
approximately  parallel  outcrops  of  three  sheets  of  trap,  ex- 
tending across  the  state  from  East  Haven  to  Suffield, 
not  far  from  the  middle  of  the  Triassic  area.  The 
westernmost  of  the  three  was  called  by  Percival 
the  anterior  sheet,  and  the  easternmost  the  posterior 
sheet.  The  middle  one  is  much  thicker  than  either  of 
the  others,  and  is  commonly  spoken  of  as  the  main 
sheet.  Davis  estimates  the  thickness  of  the  anterior  sheet 
as  about  250  feet,  that  of  the  main  sheet  400  to  500  feet,  and 
that  of  the  posterior  sheet  150  or  200  feet.  The  names 
anterior  and  posterior  were  given  by  Percival  in  a  purely 
descriptive  sense.  The  massive  main  sheet,  being  much 
more  resistant  to  erosion  than  any  other  rocks  in  the  Con- 
necticut Valley,  has  been  a  controlling  influence  in  the 
topography  of  the  valley.  Its  outcrop  is  marked  by  a  series 
of  picturesque  ridges,  all  having  a  gentle  slope  on  the  east 
side  and  a  steep  slope  on  the  west  side.  This  form  results 
from  the  fact  that  the  sandstones  and  the  associated  trap 
sheets  have  a  gentle  dip  to  the  east.     The  topographical 
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effect  of  the  action  of  erosion  upon  a  gently  dipping  mono- 
cline composed  of  strata  of  unequal  hardness,  is  always  to 
develop  unsymmetrical  ridges,  having  a  gentle  slope  follow- 
ing the  dip,  and  a  steep  slope  on  the  other  side  of  the  ridge.* 
It  is  not  unnatural  to  call  the  steep  side  the  face  of  the 
ridge,  and  the  gentle  slope  its  back.  The  westernmost 
of  the  trap  sheets,  cropping  out  under  the  steep  face  of  the 
ridges  formed  by  the  main  sheet,  was  accordingly  called  by 
Percival  the  anterior ;  and  the  eastern  sheet,  whose  outcrops 
lie  just  to  the  east  of  the  back  slopes  of  the  ridges  formed  by 
the  main  sheet,  was  called  the  posterior.  It  will  appear 
hereafter  that  the -names  anterior  and  posterior  have  now 
acquired  also  a  chronological  significance,  the  westernmost 
of  the  three  sheets  being  the  earliest  in  date.  Of  these  three 
sheets  which  extend  through  the  middle  of  the  Connecticut 
Valley,  the  anterior  is  confined  to  the.  state  of  Connecticut, 
but  the  main  sheet  and  the  posterior  sheet  extend  into  Mas- 
sachusetts, at  least  as  far  as  Mt.  Holyoke.  Whether  the 
trap  sheet  which  appears  in  the  vicinity  of  Deerfield,  Massa- 
chusetts, was  originally  a  part  of  the  main  sheet  of  the 
southern  Connecticut  Valley,  or  an  independent  local  erup- 
tion, is  not  certainly  known. 

Contemporaneous  and  Intrusive  Sheets. —  When  a  mass 
of  igneous  rock  lies  between  two  strata,  with  its  bounding 
surfaces  parallel  or  nearly  parallel  to  the  planes  of  strati- 
fication, it  is  obvious  that  there  are  two  possible  ways  in 
which  such  a  collocation  of  the  rocks  may  be  explained.  It 
may  be  that,  after  the  deposit  of  both  the  underlying  and 
the  overlying  strata,  the  rocks  were  split  apart  by  some 
strain,  and  molten  rock  flowed  into  the  crack.  Such  a  sheet 
is  essentially  of  the  same  nature  as  'a  dike,  each  of  these 
structures  resulting  from  the  intrusion  of  a  molten  rock 
into  a  crack  in  preexistent  rocks.  The  only  difference 
is  that  in  one  case  the  crack  cuts  across  the  planes 
of  stratification,  while  in  the  other  case  the  crack 
is   parallel   to   the   planes   of   stratification.     Since   planes 


•  See  Fig.  10,  page  205. 
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of  Stratification  must  always  be  planes  of  weakness 
in  a  rock,  it  is  obvious  that  we  may  expect  such  sheets  to- 
be  of  frequent  occurrence.  Such  a  sheet  is  called  an  in- 
trusive sheet.  The  other  possible  interpretation  of  a  mass 
of  igneous  rock  apparently  interstratified  with  a  series  of 
sedimentary  deposits,  is  that  the  igneous  rock  flowed  out  as 
a  lava  sheet,  either  upon  the  surface  of  the  ground,  or  at  the 
bottom  of  a  body  of  water,  after  the  deposition  of  the  under- 
lying strata,  and  before  the  deposition  of  the  overlying 
strata.  After  a  lava  sheet  had  cooled  and  solidified,  if  it  was 
originally  under  water,  or  if  by  subsidence  it  was  carried  be- 
low the  water  level,  a  subsequent  series  of  strata  might  be 
deposited  upon  it.  A  sheet  of  igneous  rock  which  flowed  out 
thus  upon  the  surface  and  was  subsequently  covered  by 
sedimentary  deposits  of  later  date,  is  called  a  contempo^ 
raneous  or  extrusive  sheet. 

Criteria  for  the  Discrimination  of  Contemporaneous  and 
Intrusive  Sheets. —  It  is  obvious  that  in  general  a  contem- 
poraneous sheet,  being  exposed  on  its  upper  surface  to  the 
atmosphere  or  to  a  body  of  water,  will  cool  more  rapidly 
than  an  intrusive  sheet  of  equal  thickness,  since  the  latter 
can  lose  heat  only  by  the  comparatively  slow  process  of  con- 
duction through  the  rocks.  An  intrusive  sheet,  therefore, 
is  apt  to  show  a  coarser  crystalline  grain  than  a  contempo- 
raneous sheet.  A  contemporaneous  sheet  may,  in  fact,  cool 
so  rapidly  as  to  be  glassy  in  parts.  It  is,  however,  obvious 
that  the  coarseness  of  crystallization  must  depend  very 
much  upon  the  thickness  of  the  sheet  and  upon  many  local 
conditions.  A  thick  contemporaneous  sheet  might  cool 
more  slowly  than  a  thin  intrusive  sheet. 

Since  a  contemporaneous  sheet  solidifies  under  little 
more  than  atmospheric  pressure,  it  is  apt  to  be  rendered 
vesicular  by  the  expansion  of  the  steam  which  is  contained 
in  it.  Subsequently  the  vesicles  may  be  filled  by  the  deposit 
of  crystalline  material  from  percolating  waters,  producing  an 
amygdaloidal  structure.  If  a  contemporaneous  sheet  is  of 
considerable  thickness,  the  deeper  portions  of  it  will  solidify 
under  a  pressure  very  much  greater  than  that  at  the  surface ; 
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hence  it  is  very  commonly  the  case  in  contemporaneous 
sheets  that  the  superficial  portions  are  highly  amygdaloidal 
while  the  deeper  portions  are  much  more  compact.  As  a 
lava  sheet  spreads  itself  over  the  surface  of  the  country,  the 
more  rapid  motion  of  the  superficial  portions  as  compared 
with  the  deeper  portions  sometimes  results  in  the  under-roll- 
ing of  a  portion  of  the  vesicular  crust  which  has  been  already 
formed  upon  the  surface.  In  this  way  it  sometimes  comes  to 
pass  that  a  contemporaneous  sheet  is  amygdaloidal  both  at 
the  top  and  at  the  bottom,  while  it  is  compact  in  the  interior. 
Since  all  parts  of  an  intrusive  sheet  solidify  under  a  consider- 
able pressure,  the  rock  is  generally  not  vesicular  at  all.  In 
the  exceptional  cases  in  which  portions  of  an  intrusive  sheet 
are  amygdaloidal,  the  amygdaloidal  character  is  not  sys- 
tematically limited  to  the  upper  and  lower  surfaces. 

The  surface  of  contact  between  a  contemporaneous 
sheet  and  the  underlying  strata  will  usually  be  exactly  ac- 
<:ordant  with  the  planes  of  stratification.  There  may  be,  of 
-course,  exceptions,  in  cases  in  which  the  surface  of  the 
strata  had  been  exposed  to  erosion  for  some  length  of  time 
before  the  outflow  of  the  lava.  In  an  intrusive  sheet,  on  the 
-other  hand,  it  will  seldom  be  the  case  that  the  surface  of 
-contact,  either  with  the  underlying  or  with  the  overlying 
-Strata,  will  be  for  long  distances  exactly  accordant  with  the 
planes  of  stratification.  In  the  great  majority  of  cases, 
though  the  fracture  may,  in  a  general  way,  follow  the  planes 
•of  stratification,  it  will  here  and  there  break  across  the 
strata,  following  for  short  distances  joint  planes  or  irregular 
surfaces  of  feeble  cohesion  due  to  local  variation  in  the 
texture  of  the  rock.  This  distinction  may  be  very  strikingly 
illustrated  by  a  comparison  of  the  contact  of  the  trap  and  the 
underlying  sandstones  in  the  bluflf  at  Trinity  College,  in 
Hartford,  with  that  at  West  Rock,  New  Haven,  as  shown 
in  Plates  XIX,  XX.  In  the  former  case,  the  contact, 
which  i^  exposed  for  a  long  distance  in  the  face  of  the  bluflf, 
IS  perfectly  accordant  with  the  stratification,  while  in  the 
latter  the  contact  cuts  obliquely  across  a  considerable  series 
-of  layers. 
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Stratified  rocks  are  apt  to  undergo  a  greater  or  less 
amount  of  metamorphism  in  contact  with  molten  rock.  The 
change  may  be  simply  induration.  Oftentimes  there  is  a 
change  of  color.  The  shales  of  the  Connecticut  Valley 
often  assume  a  peculiar  purple  color  near  the  contact  with 
the  trap.  Sometimes  a  highly  crystalline  texture  is  devel- 
oped in  the  sandstones.  If  the  molten  rock  comes  in  con- 
tact with  a  mud  still  imperfectly  consolidated,  the  expansion 
of  the  water  into  steam  may  give  a  vesicular  character  to 
the  stratified  rock,  and  the  vesicles  may  come  to  be  filled 
with  crystalline  minerals  like  the  vesicles  of  an  amygdaloid. 
It  is  obvious  that  an  intrusive  sheet  will  produce  metamor- 
phic  changes  upon  both  the  underlying  and  overlying  strata, 
while  a  contemporaneous  sheet  can  metamorphose  only  the 
underlying  strata. 

If  a  contemporaneous  sheet  is  poured  out  at  the  bottom 
of  a  body  of  water,  the  superficial  crust  of  igneous  rock  may 
become  cracked  and  broken  into  fragments,  and  those  frag- 
ments may  be  rolled  about  by  currents  in  the  water.  They 
may  thus  come  to  be  mingled  with  the  mud  or  sand  or 
gravel  derived  from  other  sources  which  the  waters  are 
transporting  and  depositing.  It  is  accordingly  often  the  case 
that  a  contemporaneous  sheet  is  immediately  overlain  by  a 
conglomerate  consisting  largely  of  fragments  of  the  igneous 
rock  itself.  It  would  be,  of  course,  impossible  for  a  similar 
condition  to  be  developed  at  the  top  of  an  intrusive  sheet. 
The  molten  rock  of  an  intrusive  sheet,  on  the  other 
hand,  may  often  flow  up  into  cracks  in  the  over- 
lying strata,  thus  forming  little  dikes.  A  very  striking 
example  of  this  is  to  be  seen  in  the  ravine  of  Roar- 
ing Brook  in  Cheshire.  The  criteria  mentioned  in  this 
paragraph  are  in  general  more  perfectly  unmistakable  than 
most  of  the  others.  The  coarseness  of  grain  of  the  igneous 
rocks,  the  amount  of  vesicularity,  the  degree  of  induration 
or  apparent  alteration  in  the  sedimentary  rocks,  may  vary 
greatly  as  the  result  of  a  variety  of  causes.  But  a  conglom- 
erate overlying  a  sheet  of  igneous  rock  and  containing  frag- 
ments of  that  rock  affords  indubitable  evidence  that  the 
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sheet  is  contemporaneous;  and  dikes  proceeding  from  a 
sheet  of  igneous  rock  into  the  overlying  strata  afford  equally 
indubitable  evidence  that  the  sheet  is  intrusive. 

A  contemporaneous  sheet  may  often  be  double  or  mul- 
tiple. A  certain  amount  of  lava  may  flow  out,  and  subse- 
quently a  second  outflow  may  take  place  over  the  already 
consolidated  surface  of  the  former.  In  the  great  trap  quarry 
at  the  southeastern  corner  of  the  Hanging  Hills  in  Meriden^ 
it  is  clearly  seen  that  the  main  sheet  is  double.  The  com- 
pact trap  of  the  upper  flow  can  be  seen  resting  upon  the 
hummocky  surface  of  the  highly  amygdaloidal  trap,  which 
forms  the  top  of  the  lower  flow,  as  shown  in  Plate  XXI.  A 
band  of  decomposing  amygdaloidal  trap,  underlain  and 
overlain  by  compact  trap,  reveals  in  like  manner  the  fact  of 
a  double  flow  in  the  posterior  sheet  near  Westfield,  just 
north  of  the  Sebethe  River.  It  is  obvious  that  such  a  mul- 
tiple structure  would  be  impossible  in  an  intrusive  sheet. 

Since  outflows  of  lava  are  often  associated  with  explosive 
eruptions,  it  follows  that  a  contemporaneous  sheet  may  be 
locally  associated  with  or  replaced  by  tufaceous  deposits. 
In  southern  Connecticut,  the  anterior  trap  sheet  in  the  parts 
corresponding  to  Salstonstall  Mountain  and  Totoket  Moun- 
tain is  associated  with  very  extensive  tufaceous  deposits. 
In  the  vicinity  of  Mount  Holyoke  in  Massachusetts,  the  trap 
of  the  posterior  sheet  is  overlain  by  very  extensive  tufaceous 
deposits.  It  is  needless  to  say  that  an  intrusive  sheet  can- 
not be  associated  with  ashes  or  tufa  or  other  evidences  of 
explosive  eruption. 

When  a  contemporaneous  sheet  runs  over  the  surface  of 
soft  mud  at  the  bottom  of  a  body  of  water,  it  may  happen 
that  the  contact  of  the  water  will  chill  the  bottom  of  the 
lava  sheet,  so  as  to  form  a  crust,  above  which  the  lava  is 
still  liquid.  The  heat  of  the  lava  may  then  produce  so  much 
steam  in  the  mud  under  the  crust  that  it  will  here  and  there 
burst  up  through  the  crust,  so  that  a  mass  of  mud  and 
water  and  fragments  of  the  already  solidified  igneous  rock 
may  be  carried  up  into  the  interior  of  the  molten  mass.  The 
very  peculiar  structure  displayed  in  the  anterior  trap  sheet 
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west  of  Lamentation  Mountain  in  the  northern  part  of 
Meriden  is  perhaps  best  explained  in  this  way,  though  the 
locality  was  first  described  as  an  ash  bed,  and  is  popularly 
known  in  the  vicinity  as  "  the  volcano."*  It  is  obvious 
that  no  similar  structure  could  be  produced  in  connection 
with  an  intrusive  sheet. 

The  application  of  these  criteria  has  established  beyond 
a  reasonable  doubt  the  character  of  the  trap  masses  of  the 
Connecticut  Valley.  The  accumulation  of  the  evidence  has 
been  the  work  of  much  labor,  since,  as  can  easily  be  seen 
from  the  general  statement  given  above,  the  criteria  for  the 
distinction  of  contemporaneous  and  intrusive  sheets  are 
mainly  to  be  found  at  the  contact  with  the  overlying  strata, 
and,  in  the  Connecticut  Valley,  these  upper  contacts  are  in 
most  places  concealed  by  drift  and  vegetation.  Careful 
search,  however,  has  revealed  these  upper  contacts  in  a  good 
many  localities.  The  trap  sheet  near  the  western  border  of 
the  Triassic  formation  in  southern  Connecticut,  extending 
from  West  Rock,  New  Haven,  to  the  north  end  of  Gaylord's 
Mountain  in  Cheshire,  is  very  certainly  intrusive.  East 
Rock,  New  Haven,  is  also  unquestionably  intrusive.  The 
same  is  true  beyond  reasonable  doubt,  though  the  evidence 
is  not  quite  so  complete,  in  regard  to  the  trap  sheet  on  the 
western  border  of  the  formation  in  northern  Connecticut, 
extending  from  Avon  to  Granby.  On  the  other  hand,  there 
is  no  reasonable  doubt  that  the  three  trap  sheets  which  may 
be  traced  across  the  whole  breadth  of  Connecticut,  from 
Saltonstall  Mountain  in  East  Haven  to  Suffield,  and  two  of 
which  can  be  traced  still  farther  to  Mount  Holyoke  in  Mas- 
sachusetts, are  contemporaneous.  Upper  contacts  have 
been  discovered  in  a  number  of  localities  on  the  back  of 
each  of  the  three  sheets  —  the  anterior,  the  main,  and  the 
posterior.  Their  amygdaloidal  upper  surfaces,  the,  com- 
plete absence  of  any  metamorphism  of  the  overlying  sand- 
stones, and  the  frequent  occurrence  of  a  trap  conglomerate 
immediately  overlying  the  trap  sheet,  have  left  no  doubt  in 


•  Emerson,  Diabase  Pitchstont  and  Mud  Enclosures  of  the  Triassic  Trapy  in 
BuU.  Geological  Society  of  America^  vol.  VIII,  pp.  66,  77. 
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the  minds  of  most  geologists  who  have  studied  the  phe- 
nomena.* 

The  Traps  of  New  Jersey. —  The  investigations  of  Dar- 
ton  and  others  have  shown  that  the  great  sheet  of  the 
Palisades  on  the  west  bank  of  the  Hudson  is  intrusive,  while 
the  trap  of  the  Watchung  Mountains  farther  west  is  contem- 
poraneous. The  complementary  relation  of  the  positions  of 
the  intrusive  trap  in  Connecticut  and  in  New  Jersey  is  highly 
significant.  As  the  Connecticut  strata  dip  to  the  east  and 
the  New  Jersey  strata  to  the  west,  the  lowest  strata  of  the 
formation  are  found  along  the  western  border  in  Connecti- 
ctft  and  along  the  eastern  border  in  New  Jersey.  In  each 
case  the  great  intrusions  of  igneous  rock  have  taken  place 
in  the  lower  strata  of  the  formation.! 

Age  of  the  Intrusive  Sheets. —  It  is  obvious  that  the  con- 
temporaneous sheets  belong  to  an  epoch  which,  roughly 
speaking,  is  not  far  from  the  middle  of  the  period  in  which 
the  sandstones  were  deposited.  They  are,  of  course,  newer 
than  the  underlying  strata,  older  than  the  overlying  strata. 
But  the  relation  of  an  intrusive  sheet  to  the  stratified  rocks 
fixes  a  limit  for  the  time  of  intrusion  only  on  one  side.  We 
know  that  the  intrusive  sheets  must  be  later  than  the  over- 
lying strata,  but  how  much  later  does  not  appear.  While  it 
is  impossible  to  determine  the  age  of  the  intrusive  sheets  as 
definitely  as  that  of  the  contemporaneous  sheets,  there  iS  a 
strong  probability  that  the  age  of  the  intrusive  sheets  is  not 
very  different  from  that  of  the  contemporaneous  sheets.  The 
fact  that  in  Connecticut  the  intrusives  are  found  only  in 
the  sandstones  underlying  the  anterior  contemporaneous 
sheet,  is  very  suggestive  of  the  conclusion  that  the  date  of 
these  intrusives  was  prior  to  that  of  the  deposition  of  the  up- 
per strata  of  the  formation.  Davis  has  shown  that  in  all 
probability  the  intrusive  sheets  are  dislocated  by  some  of 


*  For  details  in  regard  to  localities,  the  student  may  refer  to  the  papers  of  Davis; 
particularly  in  Birhteenth  Ann.  Report  U.  S.  GeoL  Survey^  vol.  II,  pp.  48-77,  and  in 
^uU.  Museum  0/ Comparative  Zoology  vol.  XVI,  pp.  99-138.    — «,, 

tThe  intrusive  trap  of  Sourland  Mountain  in  New  Jersey,  though  not  near  the 
eastern  border  of  the  formation,  is  associated  with  strata  probably  below  the  middle 
of  the  series,  brought  up  to  the  surface  by  a  great  fault.  KUmmel,  in  Ann.  Rep.  State 
Geoicgist  of  New  Jersey^  1897,  pi.  II.  * 

13 
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the  same  faults  which  have  dislocated  the  contemporaneous 
sheets.  Those  faults  were  probably  produced,  at  least  for 
the  most  part,  at  the  same  time  at  which  the  strata  were  ele- 
vated and  tilted  and  the  old  estuary  was  finally  drained. 
This  line  of  reasoning  would  show,  of  course,  that  the  in- 
trusive traps  cannot  be  later  than  the  time  of  the  tilting  and 
faulting.  It  is  then  a  probable  conclusion,  though  the  evi- 
dence is  not  altogether  conclusive,  that  the  date  of  the  most 
of  the  intrusions  is  not  far  from  the  date  of  the  contempo- 
raneous eruptions. 

Volcanoes. —  It  is  certain  that  there  are  no  volcanoes  in 
Connecticut  at  present.  Whatever  volcanoes  may  have  ex- 
isted, have  long  since  been  buried  beneath  later  deposits  or 
removed  by  the  processes  of  erosion.  The  outpouring  of 
vast  sheets  of  lava  may  take  place  along  great  fissures  with- 
out the  formation,  at  least  on  any  considerable  scale,  of  vol- 
canic cones.  In  recent  times  some  of  the  lava  eruptions  of 
Iceland  seem  to  have  been  of  this  type.  Fissures  have 
opened  a  score  of  miles  or  more  in  length,  and  the  lava  has 
poured  out  in  vast  floods  without  any  explosive  forms  of 
eruption.  The  extensive  tufaceous  deposits,  however,  which 
are  found  in  connection  with  the  anterior  sheet  in  southern 
Connecticut,  and  in  connection  with  the  posterior  sheet  in 
the  region  of  Mount  Holyoke,  suggest  the  probability 
tlxat  volcanic  cones  of  greater  or  less  extent  were  formed  at 
the  time  of  these  eruptions.  It  is  a  noteworthy  fact  that 
dikes  are  very  abundant  south  of  Cheshire  and  Wallingford, 
while  they  seem  not  to  occur  in  the  northern  part  of  the 
formation  within  the  state  of  Connecticut.  It  is  a  plausible 
conjecture  that  some  of  these  dikes  may  mark  the  sites  of 
old  volcanoes,  though  the  cones  themselves  have  long  since 
disappeared.  Through  some  of  the  fissures  now  marked  by 
dikes  there  may  have  come  to  the  surface  not  only  flows  of 
lava,  but  explosive  discharges  of  ashes,  which  may  have  ac- 
lulated  locally  in  cones  of  considerable  height.  Davis 
plausibly  conjectured  that  the  trap  mass  of  Mt.  Carmel 
r  have  been  the  root  of  a  large  volcano.*    Emerson  has 

Eighteenth  Ann,  Rep.  U.  S.  Geological  Survey^  vol.  II,  p.  44. 
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shown  strong  evidence  for  the  belief  that  in  the  vicinity  of 
Mount  Holyoke  the  closing  phase  of  igneous  activity  con- 
sisted in  discharges  from  typical  volcanic  cones.  The  plugs 
of  lava  marking  the  site  of  the  volcanic  chimneys  may  still 
be  recognized,  though  the  cones  have  been  removed  by 
erosion.* 

It  may  be  proper  to  remark  in  this  connection  that  the 
topography  of  the  trap  rocks  in  the  Connecticut  Valley  has 
no  relation  whatever  to  the  form  of  volcanoes.  As  has  been 
already  remarked,t  the  outcrops  of  the  main  sheet,  and  to 
some  extent  the  outcrops  of  the  feebler  anterior  and  pos- 
terior sheets,  are  marked  by  unsymmetrical  ridges,  having  a 
gentle  slope  in  the  direction  of  the  dip  and  a  steep  slope  on 
the  other  side  of  the  ridge.  Substantially  the  same  form  is 
seen  in  the  ridges  which  were  formed  by  the  intrusive  sheets 
of  trap.  It  is  then  entirely  independent  of  the  question 
whether  the  trap  is  contemporaneous  or  intrusive.  It  has, 
in  fact,  no  relation  to  the  igneous  origin  of  the  trap.  It  is 
simply  an  erosion  form  resulting  from  the  fact  that  the  trap 
is  more  resistant  than  the  sandstones  and  shales  with 
which  it  is  associated.  If  the  trap  were  replaced  by  a 
peculiarly  hard  stratum  of  grit  or  quartzite,  the  topographi- 
cal form  would  be  exactly  the  same.  In  fact,  the  form  of 
the  trap  ridges  in  Connecticut  is  strikingly  similar  to  that 
of  some  ridges  in  the  Pennsylvania  Appalachians  formed  by 
the 'Medina  sandstone. 

Peculiar  Igneous  Rocks. —  While  in  general  the  trap 
rocks  of  the  Connecticut  Valley,  whether  contemporaneous 
or  intrusive,  show  a  remarkable  uniformity  in  chemical  and 
mineralogical  constitution,  a  few  cases  have  been  observed 
of  dikes  of  very  different  types  of  rock.  In  East  Haven 
there  are  small  dikes  of  a  much  more  acidic  type  of  rock, 
consisting  chiefly  of  feldspar,  and  described  by  Hovey  as 
a  keratophyre.t  In  Middlefield,  near  the  village  of  Bailey- 
ville,  there  is  a  dike  of  an  exceedingly  basic  rock,  consisting 

•  Geology  of  Old  Hampshire  County ^  pp  4T1, 481. 

^  Pag:e  32. 

X  Am.  Journal  of  Science^  series  4,  vol.  Ill,  p.  287. 
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chiefly  of  aug^te,  porphyritic  with  large  crystals  of  aug^te 
and  hornblende.* 

VEINS   AND    OTHER   SECONDARY    DEPOSITS. 

The  sandstones  of  the  Connecticut  Valley  are  traversed 
in  various  places  by  veins  of  barite,  often  associated  with 
copper  ores.  The  largest  barite  veins  are  those  of  Cheshire. 
At  that  locality  malachite,  chalcocite,  bomite,  and  native 
copper  occur  in  the  barite,  but  in  quantities  too  small  to  be 
of  any  economic  significance.  The  veins,  however,  were 
formerly  worked  for  the  barite  itself,  which  was  mixed  with 
white  lead  in  the  manufacture  of  white  paint.  At  Edge- 
wood  (formerly  Whigville),  near  Bristol,  copper  ores  have 
been  found  in  considerable  quantity,  partly  in  the  sand- 
stones and  partly  in  the  crystallines,  near  the  contact  of  the 
two  formations.  The  workings  at  this  locality  were  com- 
menced on  a  somewhat  larger  scale  in  1836,  though  some 
work  had  been  done  before  the  close  of  the  eighteenth 
century.  After  an  interruption  of  many  years,  the  work 
was  again  prosecuted  between  1888  and  1895.  The  Bristol 
copper  mine  has  been  famous  for  the  splendid  crystals  of 
chalcocite  which  it  has  yielded.  Copper  ores,  chiefly  chalco- 
cite and  malachite,  occur  in  East  Granby,  disseminated 
through  a  gray  sandstone.  A  company  for  the  working  of 
a  mine  at  this  locality  was  chartered  as  early  as  1709.  For 
about  sixty  years  in  the  latter  part  of  the  eighteenth  and  the 
early  part  of  the  nineteenth  century,  the  old  mine  was  used 
as  a  prison.  The  working  of  the  mine  was  resumed  about 
1830  and  prosecuted  for  a  time.  Native  copper  has  been 
found  at  a  number  of  localities  in  thin  plates  or  threads  in 
the  trap.  Masses  of  native  copper  have  been  found  oc- 
casionally in  the  drift,  which  in  all  probability  were  derived 
from  the  Triassic  rocks  of  Connecticut  or  Massachusetts. 
Among  the  finds  of  this  sort  reported  are  a  mass  of  ninety 
pounds  found  in  Hamden  in  the  latter  part  of  the  eighteenth 
century,  and  one  of  two  hundred  pounds  found  near  New 
Haven. 


*  Bull.  Museum  of  Comparative  Zoology,  vol.  XVI,  p  239. 
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It  is  noteworthy  that  the  reported  occurrences  of  copper 
ores  in  Connecticut  are  all  from  the  west  side  of  the  area.' 
None  of  the  occurrences  are  in  strata  above  the  main  sheet 
of  the  contemporaneous  traps.  Closely  parallel  with  this  is 
the  distribution  of  copper  ores  in  the  Triassic  of  New  Jersey. 
Professor  J.  V.  Lewis  writes : — "  The  copper  lies  in  irregular 
areas  of  the  shales,  between  the  intrusive  and  the  lowest  ex- 
trusive sheet.  Sometimes  it  lies  on  the  back  of  the  intrusive, 
sometimes  at  the  bottom  of  the  earliest  extrusive,  but  fre- 
quently it  occurs  with  small  dikes,  or  no  visible  trap  at  all, 
in  the  intervening  areas  of  shales." 

In  several  particulars  the  geological  and  mineralogical 
relations  of  the  copper  ores  in  Connecticut  are  analogous  to 
those  of  the  copper  in  the  Lake  Superior  region.  In  each 
case  there  is  an  alternation  of  fragmental  strata  with  con- 
temporary sheets  of  igneous  rock.  In  each  case  the  copper 
ores  are  found  partly  in  veins,  and  partly  irregularly  dis- 
seminated in  both  the  sedimentary  and  the  igneous  rocks. 
In  each  case  the  occurrence  of  native  copper  is  noticeable, 
though  in  the  Connecticut  area  the  amount  of  native  copper 
as  compared  with  other  copper  ores  is  much  smaller  than  in 
the  Lake  Superior  region.  In  two  respects,  indeed,  the  two 
regions  are  markedly  different.  The  Lake  Superior  rocks 
are  believed  to  be  pre-Cambrian,  and  are,  therefore,  vastly 
more  ancient  than  the  rocks  of  Connecticut.  Economically, 
the  Lake  Superior  copper  deposits  are  of  immense  import- 
ance. In  Connecticut,  on  the  other  hand,  none  of  the 
localities  where  mining  has  been  attempted  have  yielded 
sufficient  return  to  justify  the  continuance  of  operations; 
and  most  of  the  occurrences  of  native  copper  are  noticeable 
merely  as  mineralogical  curiosities.  The  analogy  of  the 
two  formations  in  so  many  respects  suggests  that  the  cause 
of  the  copper  deposits  is  probably  the  same  in  both  cases. 
In  each  case  it  seems  probable  that  the  copper  was  brought 
up  from  a  subterranean  source  in  the  igneous  rocks,  and 
that  it  has  been  subsequently  concentrated  in  veins  and 
local  impregnations  of  the  rocks  by  the  chemical  action  of 
subterranean  waters.    As  to  the  date  of  the  formation  of  the 


Digitized  by  VjOOQIC 


198  CONNECTICUT  GEOL.  AND  NAT.  HIST.  SURVEY.        [BulL 

veins  and  other  secondary  deposits,  we  have  no  definite 
knowledge.  It  is,  however,  natural  to  associate  these  for- 
mations with  the  epoch  of  uplifting  and  faulting  which  fol- 
lowed the  deposition  of  the  sandstones.* 

DEFORMATION. 

There  is  reason  to  believe  that  the  Connecticut  Valley 
was  defined  as  a  geosynclinal  trough  between  uplifts  of 
Archaean  rocks  before  the  beginning  of  Paleozoic  time.t  The 
early  history  of  the  region  is,  however,  obscure  because  of 
the  imperfection  of  our  knowledge  of  the  age  of  the  crystal- 
line rocks.  In  the  first  chapter  of  this  paper,  an  attempt  has 
been  made  to  picture  the  condition  of  the  Connecticut  Val- 
ley at  the  beginning  of  the  Triassic.t  At  that  time  the 
Connecticut  Valley  trough  is  supposed  to  have  been  a  shal- 
low estuary,  into  which  was  carried  by  rivers  the  debris 
from  the  more  or  less  degraded  but  still  perhaps  lofty 
mountain  regions  to  the  east  and  west. 

As  it  is  certain  that  all  theTriassic  strata  were  shallow- 
water  deposits,  and  that,  nevertheless,  the  strata  have  ac- 
cumulated to  a  thickness  of  thousands  of  feet,  it  is  obvious 
that  the  bottom  of  the  trough  must  have  been  gradually 
sinking  during  the  period  in  which  the  deposition  was  in 
progress.  Such  a  gradual  subsidence  of  the  bottom  of  a 
trough  may  be  effected  either  by  folding  or  by  faulting,  or 
by  some  combination  of  the  two  actions.  The  fact  that  in 
general  the  dips  of  the  sandstones  are  somewhat  higher  on 
the  western  than  on  the  eastern  side  of  the  valley,  suggests 
the  probability  that  the  subsidence  during  the  Triassic  era 
was  eflfected,  in  part,  at  least,  by  a  gentle  downfolding  of 
the  crust.    If  such  a  movement  took  place,  the  strata  on  the 


•  Professor  W.  M.  Davis  writes  in  regard  to  the  barite  veins,  that  the  barite 
"  occurs  at  various  points  associated  so  closely  with  the  faults  that  it  mav  be 
safely  stated  as  later  than  the  eruptions,  and  associated  with  the  tilting  and  fault- 
ing, or  of  still  later  date."  Professor  J.  V.  Lewis  writes  in  regard  to  the  copper 
ores  of  New  Jersey:  "  I  am  pretty  strongly  inclined,  at  the  present  stage  of  the 
investigation,  to  consider  the  copper  deposits  as  contemporaneous  with  or  fol- 
lowing closely  upon  the  intrusion  of  the  Palisades  sheet,  and  the  Rockv  Hill, 
Sourland,  and  otner  sills  to  the  southwest,  and  considerably  later  than  the  sur- 
face f^ows  of  the  Watchung  Mountains,  possibly  even  as  late  as  the  disturbances 
that  tilted  and  faulted  the  Triassic  strata." 

^  Dana,  Manual 0/  Geology^  4th  edition,  p.  461. 

%  Page  24. 
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west  side  of  the  trough  would  have  acquired  a  slight  easterly- 
dip  before  the  movement  at  the  close  of  the  Triassic  by 
which  the  whole  formation  was  tilted.  The  western  strata 
should  therefore  at  the  present  time  show  a  somewhat 
steeper  easterly  dip  than  the  eastern  ones. 

Post-Triassic  Movement. —  At  the  close  of  the  Triassic 
the  character  of  the  movement  changed.  The  region  was 
elevated  above  the  sea  level,  and  the  estuary  was  drained. 
The  elevation  was  greater  on  the  west  side  than  on  the  east, 
so  that,  apart  from  local  irregularities,  the  strata  in  Massa- 
chusetts and  Connecticut  show  a  monoclinal  structure 
dipping  to  the  east. 

While  the  general  attitude  of  the  Triassic  strata  in  the 
Connecticut  Valley  is  that  of  a  monocline,  careful  study  has 
revealed  a  considerable  amount  of  local  irregularity.  In 
some  places  a  crumpling  of  the  strata  into  shallow  boat- 
shaped  or  dish-shaped  synclines  is  observed.  This  synclinal 
arrangement  is  the  cause  of  the  very  strong  curvature  in  the 
outcrop  of  the  main  trap  sheet  in  the  ridges  of  Saltonstall 
Mountain  and  Totoket  Mountain.*  Between  these  two  syn- 
clines an  anticline  brings  the  underlying  shales  to  the  sur- 
face. In  each  of  these  cases,  the  eastern  side  of  the  boat,  as 
we  shall  see  hereafter,t  was  carried  up  by  a  fault  above  the 
level  of  erosion  of  the  country,  and  so  has  been  removed.  A 
similar  boat-shaped  syncline,  though  less  strongly  marked, 
is  indicated  by  the  curvature  in  the  ends  of  that  long  section 
of  the  main  trap  range  extending  from  the  Hanging  Hills  of 
Meriden  to  Mount  Holyoke.  The  syncline  of  Totoket 
Mountain  is  further  complicated  by  a  transverse  anticlinal 
crumple,  which  divides  the  posterior  trap  sheet  into  two 
parts,  bringing  up  between  them  the  underlying  strata. 
A  well-marked  anticlinal  axis  shows  itself,  trending  from 
west-northwest  to  east-southeast,  in  Wethersfield  and 
Rocky  Hill.  By  means  of  this  anticlinal  flexure  the  posferior 
sheet  corresponding  to  Cedar  Mountain  is  divided  into  two 
parts,  the  northern  part  with  the  associated  stratified  rocks 

•  See  map.  Fig.  1,  page  19. 
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dipping  to  the  northeast,  and  the  southern  part  dipping  to 
the  south.  Careful  study  reveals  a  good  many  local  ir- 
regularities of  dip ;  yet,  in  spite  of  all  these  minor  irregulari- 
ties, it  remains  broadly  true  that  the  attitude  of  the  strata  is 
a  monocline  with  a  dip  of  15°  or  20°  a  little  south  of  east. 

Faults. —  One  of  the  important  discoveries  which  we 
owe  chiefly  to  Professor  Davis  is  the  detection  of  a  large 
number  of  faults  in  the  Triassic  strata,  in  some  of  which 
there  was  a  diflFerential  movement  amounting  to  more  than 
a  thousand  feet.  The  existence  of  extensive  faults  in  the 
strata  is  rendered  a  priori  probable  by  the  immense  thick- 
ness which  it  would  otherwise  be  necessary  to  assign  to  the 
formation.     A  simple  inspection  of  Fig.  7  will  show  the 


Fig.  7.  Method  of  Estimatiog  the  Thick- 
ness of  Strata. 

BC  (thickness  of  strata)-^ ^  (breadth  of 
outcrop)  X  sine  A  (sine  of  angle  of  dip). 

method  of  estimating  the  thickness  of  strata.  AB  in  the 
figure  represents  the  breadth  of  the  formation  measured  in 
the  direction  of  the  dip ;  and  it  is  obvious  that,  if  there  has 
been  no  dislocation  of  the  strata,  the  thickness  of  the  strata, 
BCy  will  be  equal  to  AB  multiplied  by  the  sine  of  the  angle 
of  dip  (the  angle  A),  If  we  proceed  to  apply  this  mode  of 
calculation  to  the  Triassic  of  the  Connecticut  Valley,  we 
get  a  very  surprising  result.  In  some  parts  of  the  valley  the 
formation  has  a  breadth  of  more  than  twenty  miles;  and, 
as  we  have  already  seen,*  it  is  certain  that  the  original 
breadth  of  the  formation  must  have  been  somewhat  greater 
than  it  is  at  present,  since  erosion  must  have  removed 
more  or  less  from  the  edges  of  the  area.  The  natural  sine  of 
20°  is  a  little  more  than  one-third,  and  even  that  of  15°  is 
more  than  one-fourth,  so  that  this  geometrical  construction 
would  require  a  thickness  of  strata  amounting  to  from  five 
to  eight  miles.    The  subsidence  of  a  trough  probably  not 


•  Page  167. 
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much  more  than  a  score  of  miles  in  breadth  to  a  depth  of 
even  five  miles,  though  it  cannot  be  called  impossible,  would 
certainly  be  a  priori  improbable.     The  hypothesis  of  ex- 


Pig:.  8.    Fault  with  dip  side  going  down.  Stratum  C  has  no  outcrop. 


tensive  faults  is  the  only  one  by  which  we  can  be  relieved  of 
this  demand  for  an  enormous  thickness  of  strata.  An  in- 
spection of  Figs.  8  and  9  will  show  that  the  effect  of  faults 


Fig.  9.    Fault  with  dip  side  going  up.    Strata  C  and  D  have  two  outcrops. 


Upon  the  outcrop  of  strata  varies  according  as  the  dip  side 
or  the  outcrop  side  of  the  fault  goes  up.  In  each 
of    these    figures    the    surface    of    erosion    is    indicated 
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by  an  irregular  line  approximately  horizontal,  and  the 
parts  of  the  strata  removed  by  erosion  are  indi- 
cated by  dotted  lines.  Fig.  8  shows  that  if  the  dip 
side  (id  est,  the  side  toward  which  the  strata  dip) 
goes  down,  more  or  fewer  of  the  strata  fail  to  reach  the 
surface  and  to  show  outcrops.  On  the  other  hand,  if  the  dip 
side  of  the  fault  goes  up  (as  shown  in  Fig.  9),  more  or  fewer 
of  the  strata  come  to  the  surface  twice  and  present  out- 
crops in  two  different  places.*  It  is  obvious,  then,  that  the 
existence  of  faults,  if  due  allowance  were  not  made  for 
them,  would  vitiate  the  computation  of  the  thickness  of  a 
formation  based  upon  its  breadth  and  its  angle  of  dip. 
Faults  in  which  the  dip  side  went  down  would  diminish  the 
breadth  of  the  formation  and  would  make  the  estimate  of 
its  thickness  too  small.  Faults  in  which  the  dip  side  went 
up  would  exaggerate  the  breadth  of  the  formation  and 
make  the  estimate  of  the  thickness  excessive.  If,  then, 
there  are,  in  the  Connecticut  Valley  region,  a  number  of 
faults  in  which  there  has  been  relative  elevation  on  the  east 
side,  the  astonishing  estimate  of  a  thickness  of  five  miles  or 
more,  which  we  have  provisionally  reached,  would  be 
shown  to  be  largely  in  excess  of  the  truth. 

Evidences  of  Faults.— But  belief  in  the  existence  of 
numerous  faults,  with  upthrow  in  the  large  majority  of 
cases  on  the  east,  does  not  rest  merely  upon  a  priori  con- 
jectures. In  the  first  place,  there  are  a  good  many  natural 
or  artificial  sections  of  the  strata,  exposed  in  ravines,  quar- 
ries, roadside  cuttings,  and  other  places,  where  faults  can  be 
directly  seen.  The  strata,  as  shown  in  plate  XXII,  on  op- 
posite sides  of  the  crack  do  not  match.  In  most  of  the 
cases  where  faults  can  thus  be  seen  in  an  exposed  section, 
the  amount  of  the  throw  of  the  faults  appears  to  be  only  a 
few  inches  or  a  few  feet.  In  some  cases,  it  is  impossible  to 
recognize  corresponding  layers  on  opposite  sides  of  the 
crack,  and  therefore  impossible  to  make  any  estimate  of  the 
amount  of  throw.    But  there  is  no  reason  to  believe  that  the 

•These  rules  are  reversed  when  the  plane  of  the  fault  lies  in  the  acute  angle 
between  the  horizontal  plane  and  the  plane  of  stratification. 
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throw  is  at  all  considerable  in  any  of  these  visible  faults. 

In  some  cases,  the  presence  of  a  fault  is  indicated  by  a 
somewhat  nearly  vertical  zone  of  shattered  and  more  or  less 
decomposed  rock,  a  few  inches  or  a  few  feet  in  width,  cut- 
ting across  the  rocks  exposed  in  a  natural  or  artificial  sec- 
tion. Such  a  breccia  would  naturally  result  from  the  grind- 
ing action  of  the  rocks  on  opposite  sides  of  a  crack  in  slip- 
ping past  each  other.  But,  while  the  presence  of  a  band  of 
fault  breccia  would  indicate  a  fault,  it  would  not  show  the 
amount  of  the  throw  or  the.  direction  of  the  movement. 
Similar  to  the  evidence  afforded  by  fault  breccias  is  that 
afforded  by  slickensides,  which  are  more  or  less  polished 
and  striated  surfaces  produced  by  the  mutual  grinding 
where  rocks  have  slid  past  each  other.  A  little  more  indirect 
•is  the  evidence  of  faulting  that  is  afforded  when  we  find,  in 
following  the  outcrop  of  a  rock  along  the  line  of  strike,  that 
the  rock  suddenly  disappears  and  is  succeeded  by  a  rock  of 
totally  different  character,  though  the  actual  contact  of  the 
two  rocks  is  concealed  by  drift  or  vegetation.  If  we  walk 
northward  along  the  ridge  of  coarse  sandstone  just  east 
of  the  Agricultural  Fair  grounds  in  Meriden,  we  shall  find 
that  the  sandstone  ridge  presently  disappears  abruptly,  and 
a  great  mass  of  trap  rises  directly  before  us.  In  this  case 
no  actual  contact  of  the  two  rocks  can  be  found;  but  the 
collocation  of  the  rocks  hardly  admits  any  other  interpreta- 
tion than  that  of  a  fault. 

An  evidence  of  faults,  which  would  not  be  in  itself 
conclusive,  but  which  helps  to  locate  the  position  of  a 
fault  when  its  existence  is  indicated  by  other  evidence, 
is  found  in  abnormal  dips.  There  is  no  sharp  line  of  de- 
markation  between  faults  and  monoclinal  flexures.  If  rocks 
are  subjected  to  the  action  of  forces  which  tend  to  make  the 
portion  on  one  side  of  a  line  move  relatively  upward  and  the 
portion  on  the  other  side  of  that  line  move  relatively  down- 
ward, the  yielding  may  take  place  by  the  bending  and 
stretching  of  a  portion  of  the  rock  into  a  steeply  dipping 
monocline  along  the  line  of  differential  movement,  or  the 
rocks  may  crack  under  the  strain  and  a  fault  be  produced. 
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The  two  actions  may  be  combined,  and  we  may  have  on  the 
upthrow  side  of  the  fault  a  downward  bending,  and  on  the 
downthrow  side  of  the  fault  an  upward  bending  of  the  edges 
of  the  strata.  The  presence,  then,  of  abnormal  dips  ("  drag 
dips"),  in  situations  where  other  evidences  have  led  us  to 
believe  in  the  existence  of  faults,  may  serve  for  the  more 
definite  location  of  those  faults. 

Professor  Davis  has  rightly  urged,  as  an  evidence  of 
great  faults  in  the  strata,  the  immensely  improbable  series 
of  coiniridences  in  the  stratigraphy  which  we  should  other- 
wise be  compelled  to  assume.  All  along  the  Connecticut 
portion  of  the  Triassic  area,  we  find  three  sheets  of  trap 
presenting  parallel  outcrops,  the  lowest  a  comparatively 
thin  sheet,  the  middle  one  a  thick  sheet,  the  upper  one  again 
a  thin  sheet.  Between  the  lower  or  anterior  sheet  and  the  • 
main  sheet  lies  a  series  of  rocks,  mostly  red  shales,  but  in- 
cluding a  thin  stratum  of  limestone  and  a  thin  stratum  of 
black  shale  with  fossil  fishes.  Between  the  main  sheet  and 
the  posterior  sheet  we  find  again  a  series  of  shales,  mostly 
red,  but  including  a  stratum  of  black  shale  containing  fossil 
fishes  which  are  only  in  part  specifically  identical  with  those 
of  the  black  shale  below  the  main  sheet.  Below  the  anterior 
sheet  and  above  the  posterior  sheet  lie  great  accumulations 
of  sandstones,  shales,  and  conglomerates.  Now,  whether 
we  make  a  section  across  Totoket  Mountain  or  Higby 
Mountain  or  Lamentation  Mountain  or  the  long  range 
which  extends  northward  from  the  Hanging  Hills,  we  en- 
counter the  same  succession  —  underlying  sandstones,  then 
a  thin  sheet  of  trap,  then  shales,  which  in  many  different 
localities  have  been  shown  to  include  a  stratum  of  limestone 
and  a  stratum  of  black  fossiliferous  shale,  then  a  thick 
sheet  of  trap,  then  shales  again,  including  a  stratum  of 
black  fossiliferous  shale,  then  a  thin  sheet  of  trap,  then 
overlying  sandstones.  Now,  the  repetition  of  this  identical 
stratigraphic  series  again  and  again  is  intelligible  if  we  as- 
sume that  the  strata  themselves  are  identical  —  that  the 
thick  sheet  of  trap  in  the  Hanging  Hills  and  in  Lamentation 
and  in  Higby  and  in  Totoket  is  the  same  sheet  of  trap,  only 
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dislocated  by  faults,  and  that  the  successive  members  of  the 
series,  underlying  and  overlying  the  main  trap  sheet,  are 
likewise  identical.  But  on  any  other  supposition  it  requires 
us  to  assume  a  series  of  coincidences  in  the  order  of  sedi- 
mentation and  igneous  eruption  which  would  be  immensely 
improbable. 

Topographic  Effect  of  Faults. —  An  indirect  but  very 
satisfactory  evidence  of  the  faults  in  the  Triassic  formation 
is  found  in  their  topographic  effects.  Of  course  the  primary 
-effect  of  a  fault  upon  the  topography  is  to  produce  an 
elevation  of  the  surface  on  one  side  of  the  crack  above 
the  other,  showing,  if  the  plane  of  the  fault  be  somewhat 
nearly  vertical,  a  more  or  less  decided  cliff.     If  the  fault 


Fig  lo.  Section  showing  Monoclinal  Ridge 
developed  by  Erosion.  The  shaded  stratum  is 
more  resistant  than  the  others. 

were  accomplished  by  an  instantaneous  movement,  the 
height  of  that  cliff  would  be  equal  to  the  amount  of  throw 
of  the  fault.  In  subsequent  time  the  tendency  of  erosion 
would  be  to  diminish  the  height  of  the  fault  cliff  and  ulti- 
mately to  efface  it.  Probably  a  fault  cliff  of  the  full  height 
due  to  the  throw  of  the  fault  nowhere  exists,  since  it  must  be 
presumed  .that  no  large  fault  is  ever  produced  by  a  single 
instantaneous  movement,  and  the  agencies  of  erosion  would 
therefore  be  in  action  for  a  greater  or  less  time  before  the 
fault  was  complete.  As  we  have  already  seen,*  the  region 
of  the  Connecticut  Valley  was  reduced  to  a  peneplain  in 
late  Mesozoic  time,  and  not  a  vestige  of  a  fault  cliff  is  to  be 
found  anywhere  in  the  Connecticut  Valley. 

But,  while  the  direct  topographical  effects  of  the  faults 
in  the  Connecticut  Valley  have  entirely  disappeared,  in- 


•  Page  38. 
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direct  effects  have  been  produced  which  we  can  very  clearly 
recognize.  In  Fig.  lo  is  seen  a  section  of  a  series  of 
monoclinal  strata.  The  shaded  stratum  is  supposed  to  be 
more  resistant  to  the  agencies  of  erosion  than  the  others. 
The  section  shows  the  topographical  effect  of  such  a  struc- 
ture. The  outcrop  of  the  strong  stratum  is  marked  by  a 
ridge,  with  gentle  slope  in  the  direction  of  the  dip  and  with 
steep  slope  on  the  other  side.*  It  is  needless  to  say  that  it 
makes  no  difference  in  the  topographic  effect  whether  the 
strong  member  of  the  stratigraphic  series  is  a  hard  stratum 
of  sedimentary  rock  or  a  sheet  of  igneous  rock.    In  Fig.  1 1 


Pig.  It.    Section  showing  two  Monoclinal  Ridges  developed  from  the  same  Rebistant. 
Stratum,  which  has  two  outcrops  by  reason  of  a  fault. 

is  seen  the  effect  of  a  fault  parallel  to  the  strike  and  with 
upthrow  on  the  dip  side.  A  number  of  strata,  among  them 
the  strong,  ridge-making  stratum,  have  their  outcrops  dupli- 
cated, and  the  section  accordingly  shows  two  ridges  instead 
of  a  single  ridge.  It  is  evident  that,  if  the  fault  is  parallel 
to  the  strike,  the  two  ridges  thus  formed  by  the  outcrop  of 
the  resistant  stratum  will  extend  indefinitely  as  parallel 
ridges.  But  if  the  fault  is  at  right  angles  with  the  strike,  as 
shown  in  plan  in  Fig.  12,  it  is  evident  that  each  of  the  two 
parallel  ridges  will  end  abruptly  at  the  fault  plane  without 
overlapping.  Figs.  13  and  14  show  the  effect  of  diagonal 
faults.  Where  the  rocks  have  been  acted  upon  by  a  diag- 
onal fault,  the  strong  stratum  develops,  as  before,  two  paral- 
lel ridges,  each  cut  off  on  the  fault  plane.  In  Fig.  13,  in 
which  the  dip  side  of  the  fault  goes  up,  the  two  parallel 
ridges  overlap  each  other  for  a  certain  distance :    while  in 

♦  See  also  Plates  II,  XIX,  XXIII. 
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Fig.  14,  in  which  the  dip  side  of  the  fault  goes  down,  we 
have  what  we  may  call  a  case  of  negative  overlap,  the  ridge 
due  to  the  outcrop  of  the  strong  stratum  disappearing  for  a 
certain  distance.     If  we  study  a  little  more  in  detail  the 


Up 


D 
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Fie.  xa.  Plan  of  Strata  with  Fault  perpen- 
dicular to  the  Strike.  The  arrow  indicates  the 
direction  of  the  dip.  The  parallel  ridges 
which  may  be  developed  by  erosion  along  the 
outcrops  of  a  resistant  stratum  will  be  trun- 
cated at  the  fault  line  without  overlapping. 

conditions  shown  in  Fig.  13,  we  shall  see  that  the  two  ends 
of  the  overlapping  ridges  will  not  be  exactly  alike  in  their 
topographic  expression.  In  the  conditions  represented  in 
that  figure  —  a  dip  to  the  east,  and  a  northeast  and  south- 
west fault  with  upthrow  on  the  southeast  side  —  it  is  ob- 
vious that  the  acute  angle  shown  on  the  plan  at  the  south 
end  of  the  strong  stratum  on  the  northwest  side  of  the  fault 
lies  nearly  in  the  line  of  the  crest  of  the  ridge;    while,  on 
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the  southeast  side  of  the  fault,  the  obtuse  angle  shown  at  the 
north  end  of  the  southern  part  of  the  strong  stratum  lies  in 
the  line  of  the  crest  of  the  ridge,  and  the  acute  angle  lies  low 
down  on  the  back  of  the  ridge.    The  effect  of  this  arrange- 


FiR.  13.  Plan  of  Strata  with  oblique  Fault 
and  with  the  dip  side  going  up.  In  this  case 
the  parallel  ridges  developed  along  the  out- 
crops of  a  resistant  stratum  will  overlap. 

ment  would  be  that,  in  such  a  case  as  is  represented  in  the 
figure,  the  ridge  on  the  north  side  of  the  fault  must  end 
southerly  in  a  bold  bluff,  while  the  ridge  on  the  south  side 
of  the  fault  must  end  northerly  in  a  long  trailing  slope.  A 
striking  illustration  of  this  last  point  may  be  seen  in  com- 
paring the  tapering  north  end  of  Higby  Mountain  with  the 
bold  southern  cliff  of  Chauncey  Peak  (the  southern  part  of 
the  range  of  Lamentation  Mountain).  This  picturesque 
peak  is  shown  in  Plate  XXIII.  Plate  XXIV  is  a  map  of  the 
middle  part  of  the  Connecticut  Triassic  area,  showing  the 
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principal  faults;  and,  though  no  contour  lines  are  given  on 
the  map,  the  reader,  remembering  that  the  main  trap  sheet 
is  the  ridge-making  member  of  the  formation,  can  see  how 
beautifully  the  topography  interprets  itself  on  the  hy- 
pothesis of  a  great  series  of  faults. 


Fig.  lA.  Flan  of  Strata  with  oblique 
Fault  and  with  the  dip  side  Roing  down.  In 
this  case  the  parallel  ridf^es  developed  along 
the  outcrops  of  a  resistant  stratum  will  show 
a  negative  overlap. 

It  may  be  remarked  incidentally  that  the  faults  which 
have  broken  the  continuity  of  the  main  trap  ridge  have  had 
an  important  influence  in  the  commercial  and  industrial  life 
of  the  state,  by  making  practicable  railroad  routes  from  the 
eastern  to  the  western  side  of  the  Lowland.  The  fault  which 
lies  between  the  Hanging  Hills  and  Lamentation  Mountain 
permits  the  passage  of  the  Hartford  Division  of  the  New 

14 
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York,  New  Haven,  and  Hartford  Railroad  between  Berlni 
and  Meriden;  the  fault  between  Lamentation  Mountain 
and  Higby  permits  the  passage  of  the  Meriden  Branch  be- 
tween Middletown  and  Meriden ;  and  a  little  fault  which  dis- 
locates Saltonstall  Mountain  allows  the  passage  of  the  Shore 
Line  Division  between  East  Haven  and  Branford. 

It  is  easy  to  determine  the  location  of  the  faults  very  ac- 
curately where  they  cross  the  outcrops  of  the  trap  sheets, 
and  particularly  where  they  cross  the  outcrops  of  the  main 
sheet.  That  massive  sheet  of  trap  is  everywhere  a  con- 
spicuous feature  in  the  topography,  and  it  has  an  in- 
dividuality which  is  readily  recognizable.  In  the  sand- 
stones, the  location,  with  any  degree  of  definiteness,  of 
faults  which  cannot  be  directly  observed,  is  practicable 
only  in  those  places  where  abnormal  dips  indicate 
the  drag  of  a  fault.  The  sandstones  and  shales  oppose 
in  general  but  a  weak  resistance  to  erosion,  and  have  there- 
fore been  degraded  in  most  places  towards  the  condition 
of  a  peneplain,  which  is  for  the  most  part  covered  by  drift 
and  vegetation.  Even  where  outcrops  of  the  sandstones  ana 
shales  are  to  be  found,  they  generally  have  not  sufficient 
individuality  to  be  recognized  as  belonging  to  any  particular 
horizon  within  the  formation.  In  the  monotonous  variety 
of  beds,  some  coarser,  some  finer,  some  redder,  some  grayer, 
there  are  none  that  have  any  recognizable  individuality 
excepting  the  thin  strata  of  limestone  and  black  shale ;  and 
those  beds  are  so  weak  that  their  outcrops  are  very  scanty 
indeed.  Presumably  many  of  the  faults  that  have  been 
recognized  in  the  Triassic  formation  extend  beyond  the 
limits  of  the  Triassic  into  the  crystalline  rocks  on  one  or 
both  sides  of  the  Connecticut  Valley ;  but  the  recognition 
of  faults  in  the  crystallines  is  difficult  and  uncertain  on  ac- 
count of  the  extreme  complexity  of  structure  of  the  crystal- 
line rocks.  The  plotting  of  faults  on  the  map,  Plate  XXIV, 
is  therefore  inevitably  to  a  considerable  extent  hypothetical. 
It  should  also  be  noted  that,  where  a  fault  line  on  the  map 
comes  to  an  end,  the  meaning,  in  general,  is  not  that  wo 
have  proof  that  the  fault  comes  to  an  end  at  that  particular 
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locality,  but  only  that  our  knowledge  of  it  comes  to  an 
end. 

Direction  of  Faults. —  South  of  Hartford  the  prevailing 
direction  of  the  faults  is  northeast  and  southwest.  In  the 
latitude  of  Hartford,  the  direction  of  the  faults  becomes 
nearly  north  and  south,  and  still  farther  north  the  faults 
show  predominantly  a  northwest  and  southeast  trendy 
Throughout  the  area,  at  least  the  Connecticut  portion 
thereof,  the  upthrow  is  on  the  east  side  in  a  very  large 
majority  of  cases.*  Among  the  most  interesting  faults  are 
the  two  large  ones  which  He,  respectively,  between  the 
Hanging  Hills  and  Lamentation,  and  between  Lamentation 
and  Higby.  With  a  considerable  degree  of  probability  these 
two  faults  can  be  traced  across  the  entire  breadth  of  the 
Lowland.  Dislocations  of  the  intrusive  sheet  on  the  west 
margin  of  the  area,  and  dislocations  of  dikes  in  Cheshire  and 
Wallingford,  lie  nearly  in  the  line  of  these  faults,  produced 
southwestward ;  and  two  considerable  portions  of  the 
eastern  boundary  of  the  Triassic  area  lie  nearly  in  the  line 
of  the  continuation  of  these  faults  at  the  northeast.  Be- 
tween the  Hanging  Hills  and  Lamentation,  Davis  estimates 
the  upthrow  on  the  southeast  as  not  less  than  2,000  feet, 
and  between  Lamentation  and  Higby  as  not  less  than  1,300 
feet.  Talcott  Mountain  is  situated  just  in  the  latitude 
where  the  northeast  and  southwest  trend  changes,  through 
north  and  south,  to  northwest  and  southeast.  The  peculiar 
double-ridged  form  of  Talcott  Mountain  is  due  to  the  fact 
that  for  a  considerable  distance  the  trend  of  a  fault  plane 
is  nearly  parallel  to  that  of  the  strike  of  the  strata  and  the 
consequent  trend  of  the  range. 

In  the  vicinity  of  a  great  fault  it  is  often  the  case  that  a 
number  of  little  faults  may  be  observed.  Sometimes  there 
will  be  a  series  of  step  faults  parallel  with  the  main  fault ; 
and,  again,  the  slices  into  which  the  rock  is  broken  by  such 
a  series  of  parallel  faults  may  be  still  further  dislocated  by 


*  In  the  region  of  Mount  Tom,  Emerson  notes  a  series  of  faults  with  upthrow 
on  the  west  side.     Geology  of  Old  Hampshire  County^  p.  449. 
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cross  faults.  In  the  vicinity  of  East  Berlin  the  g^eat  fault 
that  lies  between  the  Hanging  Hills  and  Lamentation  ap- 
pears to  be  broken  into  parallel  faults,  while  the  structure 
is  further  complicated  by  a  number  of  little  cross  faults. 
The  structure  of  this  interesting  locality  is  shown  in  the 
sketch  map,  Fig.  15.    In  this  case  it  is  obvious  that  the  faults 


Pig.  15.  Sketch  map  showing  Faults  near  Bast  Berlin.  Scale,  laoo  feet  to  the  inch. 
Outcrops  of  shale  and  sandstone  shown  by  horizontal  lines,  outcrops  of  trap  by  ob- 
lique cross  lines.    Faults  shown  by  dotted  lines.     Dip  and  strike  ainown  by  the  sign 

can  be  definitely  located  only  at  a  few  points  where  trap 
and  sandstone  are  found  almost  or  quite  contiguous  along 
the  line  of  strike,  or  where  trap  outcrops  end  abruptly,  or 
where  the  sandstones  present  abnormal  dips.  The  tracing 
of  the  fault  lines  at  a  distance  from  these  critical  points 
must  be,  of  course,  merely  hypothetical.  The  cutting  on  the 
Meriden  Branch  of  the  New  York,  New  Haven,  and  Hart- 
ford Railroad  just  west  of  Westfield  station  shows  three 
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faults  of  unknown,  but  probably  inconsid- 
erable, throw,  clearly  marked  in  the  section 
exposed  in  the  wall  of  the  cutting  by  the 
discontinuity  of  the  strata  and  by  steep 
northwesterly  dips  (drag  dips),  while  the 
proximity  of  the  great  fault  between  Lam- 
entation and  Higby  is  indicated  by  the 
slight  northwesterly  dip  of  the  whole  sec- 
tion (see  Fig.  i6).  There  is  good  reason 
to  believe  that  the  faults  which  actually 
exist  in  the  rocks  are  much  more  numerous 
than  those  which  have  been  detected  and  of 
which  the  principal  ones  are  shown  on  the 
map.  In  Professor  Hobbs'  work  on  the 
Pomperaug  Valley,  the  numerous  faults  by 
which  the  traps  of  that  little  region  are  dis- 
located are  traced  most  minutely  and  with 
consummate  skill. 

Marginal  Faults. —  There  is  strong  rea- 
son to  believe  that  the  present  eastern 
border  of  the  Triassic  area  of  Connecticut 
is  due  almost  entirely  to  a  series  of  faults. 
This  belief  is  founded  on  a  variety  of  evi- 
dences. From  New  Haven  to  Durham 
the  eastern  boundary  of  the  Triassic 
formation  crosses  the  synclines  of  Salton- 
stall  Mountain  and  Totoket  Mountain,  the 
anticline  between  them,  and  the  minor  an- 
ticline in  the  middle  of  the  Totoket  syn- 
cline.  If  the  surface  of  contact  between 
the  crystallines  and  the  sandstones  were 
the  surface  of  the  crystallines  upon 
which  the  sandstones  had  been  depos- 
ited—  a  surface  which  must  be  sup- 
posed to  have  sloped  gently  westward, — 
then  the  effect  of  a  crumpling  of  the 
rocks  into  alternating  anticlines  and  syn- 
clines must  have  been  to  make  the  line 
of  intersection  between  the  contact  sur- 
face and  the  nearly  horizontal  plane 
of  erosion  strongly  sinuous.  The  boun- 
dary    would     have     been     thrown     into 
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curves  convex  towards  the  sandstones  on  the  anticlines 
and  convex  towards  the  crystallines  on  the  synclines.  In 
fact,  however,  the  boundary  is  not  far  from  a  straight  line ; 
and  the  slight  curves  which  it  shows  are  not  in  accordance 
with  the  rule  stated  above.  The  only  effect  of  the  folding  is 
that  on  the  anticlines  lower  members  of  the  Triassic  series 
abut  upon  the  crystallines,  and  on  the  synclines  higher  mem- 
bers. The  nearly  straight  boundary,  in  fact,  cuts  across  all 
members  of  the  Triassic  series,  from  the  sandstones  under- 
lying the  anterior  trap  sheet  to  the  sandstones  overlying  the 
posterior  sheet.  This  relation  is  only  intelligible  on  the 
supposition  that  the  actual  surface  of  contact  between  the 
sandstones  and  the  crystallines  is  not  far  from  a  vertical 
plane.  It  must  be  assumed,  then,  that  the  boundary  from 
New  Haven  to  Durham  is  determined  by  a  fault  with  up- 
throw on  the  east.  The  former  continuation  of  the  Triassic 
eastward  of  this  fault  line  was  carried  up  above  the  plane  of 
erosion,  and  has  therefore  been  removed.  In  Glastonbury 
and  in  Vernon  two  sections  of  the  eastern  boundary  of  the 
formation  lie  nearly  in  the  line  of  the  two  great  faults  which 
separate,  respectively,  the  Hanging  Hills  from  Lamentation 
and  Lamentation  from  Higby.  In  the  vicinity  of  the  eastern 
boundary  of  the  Trias,  in  many  localities,  both  the  sand- 
stones and  the  crystallines  show  strong  indication  of  dis- 
turbance. Abnormal  and  excessive  dips  are  frequently  ob- 
served in  the  sandstones.  The  strata  are  very  much  jointed, 
and  oftentimes  shattered  by  a  perfect  confusion  of  little 
faults.  The  crystallines  near  the  boundary  show  in  many 
places  a  peculiar  brecciated  structure,  and  the  presence  of 
much  chlorite.  Near  the  Highland  Park  paper  mill,  in 
Manchester,  the  digging  of  a  trench  revealed  a  fault  con- 
tact between  the  sandstones  and  the  crystallines, 
the  fault  plane  dipping  55^  to  the  west.*  While  it 
is  obvious  that  the  evidence  is  not  equally  con- 
clusive for  all  parts  of  the  boundary,  there  is,  on  the 
whole,  strong  reason  to  believe  that  the  eastern  boundary  is 
formed  in  the  main  by  a  series  of  faults.     In  parts  of  the 


•  Davis  and  Griswold,  in  Bull.  Geolo^cal  Society  of  America^  vol.  V,  p.  526. 
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western  boundary  there  are  irregularities  which  can  only  be 
interpreted  as  the  result  of  faults.  In  a  few  cases  it  seems 
probable  that  faults  by  which  the  trap  ridges  are  dislocated 
find  their  continuation  in  small  sections  of  the  western 
border.  In  the  main,  however,  the  western  boundary  is  re- 
markably straight,  and  there  is  nothing  in  its  character  that 
requires  the  assumption  of  a  marginal  fault,  though  it  is 
possible  that  the  western  boundary,  like  the  eastern,  may  be 
mainly  determined  by  fault  lines.  The  relations  of  the  sand- 
stones and  crystallines  at  the  old  copper  mine  near  Bristol, 
as  described  by  B.  Silliman,  Jr.,  and  J.  D.  Whitney,*  require 
the  assumption  of  a  fault  with  upthrow  on  the  west.  Those 
geologists  who  believe  that  the  Triassic  formation  extended 
originally  much  beyond  its  present  limits,  are  disposed  to 
consider  the  Connecticut  Valley  as  a  graben  —  i.  e.,  a  region 
ivhich  has  slipped  down  between  two  faults.  While 
there  is  nothing  in  the  phenomena  observable  in  most  parts 
of  the  western  border  which  requires  the  supposition  of  a 
fault  with  upthrow  on  the  west,  there  is  nothing  which  posi- 
tively excludes  that  hypothesis.  As  we  have  already  seen,  a 
very  large  majority  of  the  faults  which  can  be  proved  to  ex- 
ist in  the  Connecticut  Valley  area  have  their  upthrpw  on  the 
«ast.  There  are,  however,  some  exceptional  cases  in  which 
the  upthrow  is  on  the  west. 

Professor  Hobbs  has  shown  good  reason  for  believing 
that  the  Pomperaug  Valley  basin  is  essentially  a  graben, 
and  that  that  little  remnant  of  the  Triassic  owes  its  preser- 
vation to  having  dropped  down  between  its  bounding  faults 
below  the  plane  of  erosion.  There  is  more  or  less  evidence 
that  the  other  Triassic  areas  of  eastern  North  America  have 
their  limits  determined  wholly  or  partially  by  marginal 
faults,  t 

Thickness  of  the  Triassic  Strata. —  The  proof  of  the  ex- 
istence of  numerous  faults  with  upthrow  to  the  east  relieves 
us.  as  we  have  already  seen,J  of  the  necessity  of  assuming 

•  j4m.  Journal  of  Sciences  series  a,  vol.  XX,  p.  361. 

t  Hobbs,  Former  Extent  of  the  Newark  System^  in  Bull.  Geological  Society  of 
^merica^  vol.  XIII,  p.  142. 
tPage  90I. 
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an  enormous  thickness  for  the  Triassic  strata.  On  the  other 
hand,  the  probability  that  numerous  faults  exist  which  are 
entirely  undetected,  or  the  amount  of  whose  throw  is  un- 
known, renders  it.  impossible  to  determine  with  any  ac- 
curacy the  correction  which  must  be  applied  to  make  the 
trigonometric  computation  of  the  thickness  of  the  strata 
yield  a  just  result.  It  seems  probable,  however,  after  all 
allowances  are  made,  that  the  formation  is  of  great  thick- 
ness. Among  other  indications  pointing  in  this  direction 
may  be  mentioned  the  great  depth  of  some  of  the  wells 
which  have  been  bored  in  the  sandstones  without  reaching 
the  underlying  crystallines.  The  depths  of  a  few  of  the 
deepest  of  these  are  as  follows : —  Hartford,  1,250  feet ;  For- 
estville,  2,000  feet ;  Northampton,  3,700  feet ;  New  Haven, 
4,000  feet.*  The  aggregate  of  Davis'  estimates  of  the  prob- 
able thickness  of  the  various  members  of  the  formation  is 
from  two  to  i  jvo  and  one-half  miles.t 

Dynamic  Theory  of  the  Structure. —  Can  we  give  a 
dynamic  interpretation  of  the  present  attitude  of  the  Trias- 
sic formation  —  its  general  monoclinal  position,  and  its 
numerous  dislocations?  It  must  frankly  be  confessed  that 
our  knowledge  of  the  dynamics  of  earth  movements  is  too 
meager  to  justify  dogmatic  statements.  But  it  seems  legiti- 
mate to  venture  tentatively  a  little  way  in  the  direction  of 
dynamic  explanation. 

It  is  a  noteworthy  fact  that  the  monoclinal  structure 
which  is  observed  in  the  Connecticut  Valley  prevails  also 
in  the  other  Triassic  areas.  But  in  the  Acadian,  New 
York-Virginia,  Richmond,  Danville,  and  Dan  River  areas 
the  prevailing  dip  is  to  the  northwest,  while  in  the  Connec- 
ticut Valley,  Deep  River,  and  Wadesboro  areas  the  pre- 
vailing dip  is  southeast.  If  a  somewhat  sinuous  line  is 
drawn  from  Massachusetts  to  North  Carolina  between  the 
areas  of  northwest  dip  and  the  areas  of  southeast  dip.  as 
shown  in  Plate  XV,  that  line  will,  in  a  general  way,  be  par- 
allel to  the  trend  of  the  mountain  ranges  which  mark  the 
eastern  border  of  the  American  continent.    It  is  reasonable 

•  Gregory,  Farmington  Folio ^  U.  S.  G.  S. 

t  Eighteenth  Ann.  Rep.  U.  S.  Geologic.il  Survey,  vol.  II,  p.  28. 
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to  suppose  that  the  northwest  and  southeast  dips  on  oppo- 
site sides  of  this  axial  line  find  a  unitary  interpretation  in 
the  conception  of  a  broad  and  gentle  upfolding  of  the  crust 
of  the  globe.  Such  a  broad  and  gentle  upfolding,  involving 
the  crust  of  the  globe  down  to  an  unknown  depth,  has  been 
called  by  Dana  a  geanticline,  in  distinction  from  those  more 
narrowly  local  and  often  much  steeper  folds  of  particular 
groups  of  strata  which  are  called  anticlines.*  The  cause  of 
such  a  geanticlinal  movement  is  most  probably  to  be  sought 
in  the  cooling  and  consequent  contraction  of  the  interior  of 
the  globe,  producing  tangential  strains  in  the  crust,  to  which 
from  time  to  time  the  crust  yields  in  great  wrinkles.  Where 
such  a  geanticlinal  movement  produces  a  permanent  ele- 
vation, the  mountain  range  thus  formed  has  been  called  by 
Dana  an  anticlinorium.\  The  most  fundamental  conception 
then,  of  the  crustal  movement  which  produced  the  mono- 
clinal  arrangement  of  the  strata  in  these  Triassic  basins  is 
that  a  broad  zone  of  the  eastern  border  of  the  continent  was 
elevated  by  tangential  pressure  into  a  great  geanticline. 
But  apparently  such  a  geanticlinal  movement  is  apt  to  be 
associated  with  faulting.  The  broad,  flat  arches  are  apt  to 
crack,  and  the  blocks  into  which  the  arches  are  broken  to 
slip  past  each  other  in  obedience  to  gravitation  until  they 
find  themselves  in  stable  adjustment.  In  this  view  the  dif- 
ferential movement  of  the  blocks  in  faulting  must  be  at- 
tributed to  gravitation.  Some  parts  of  the  broken  arch 
sunk  lower  than  other  parts.  There  is  probably  no  such 
thing  as  the  vertical  upheaval  of  large' areas  of  the  crust  of 
the  globe.  The  only  force  acting  on  a  large  scale  in  a  verti- 
cal direction  is  gravitation,  and  that  acts  always  downward. 
In  the  broad  view,  then,  of  the  dynamics  of  the  crustal 
movements  evidenced  by  the  structure  of  the  Triassic  for- 


•  The  recognition  of  such  a  geanticline  is  of  course  entirely  independent  of 
the  question  whether  the  Triassic  formation  ever  extended  across  the  axis  or  not. 

i  Am. /ourna/ o/ Science,  series  3,  vol.  V,  p.  43a.  The  word  anticlinoriuni  has 
been  used  by  some  recent  writers  in  a  different  sense.  (See  Am./ourna/ o/Science, 
series  4.  vol.  II.  p.  x68;  Science^  vol.  XXIII,  p.  286.)  The  more  characteristic  type  of 
mountain-makinjB:  movement  is  the  formation  of  a  downfold  of  the  earth's  crust 
(geosyncline).  the  accumulation  of  a  vast  thickness  of  strata  in  the  troujsfh,  the 
weakening  of  the  lower  strata  of  the  trough  by  internal  heat,  and  the  final  crushing 
of  the  rocks  into  a  series  of  anticlines  and  synclines.  Orogenic  movements  of  this 
type  occurred  in  eastern  North  America  in  post  Archaean,  post-Ordovician,  and 
post-Carboniferous  time.    (See  p.  23.) 
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mation,  we  must  attribute  the  formation  of  the  great  gean- 
ticlinal  arch  to  tangential  pressure  in  the  crust,  probably 
arising  from  the  cooling  of  the  globe,  while  the  diflferential 
movement  of  the  blocks  into  which  that  arch  was  broken 
along  the  fault  planes  must  be  attributed  to  gravitational  re- 
adjustment. It  is  evident  that,  if  the  faulting  was  due  to 
gravitational  readjustment  of  the  blocks  into  which  a  gean- 
ticline was  broken,  the  natural  expectation  would  be  that 
on  the  southeastern  side  of  the  geanticlinal  axis  the  great 
majority  of  the  faults  would  have  their  upthrow  to  the 
southeast.  The  greatest  sinking  in  such  gravitational  read- 
justment would  naturally  be  near  the  axis  of  the  geanticline. 
It  will  be  recognized  that  this  corresponds  well  with  the 
facts  which  have  been  observed  in  regard  to  faults  in  the 
Connecticut  Valley.  It  is  an  interesting  fact  that  in  the 
Triassic  of  New  Jersey,  which  lies  on  the  northwest  side  of 
the  supposed  geanticlinal  axis,  the  great  majority  of  the 
faults  have  their  upthrow  on  the  west  side.*  The  relations 
in  Connecticut  and  in  New  Jersey  are  thus  mutually  comple- 
mentary. 

In  the  introductory  chapter  of  this  paper,t  in  the  en- 
deavor to  picture  the  condition  of  Connecticut  at  the  close 
of  the  Triassic,  a  comparison  was  made  with  the  Great 
Basin  of  North  America.  There,  at  the  present  time,  we 
have  a  topography  whose  features  are  chiefly  determined 
by  faults.  A  series  of  approximately  parallel  mountain 
ranges  present  on  one  side  a  steep  face,  which  is  determined 
by  a  fault  plane,  while  there  is  a  gentle  slope  on  the  other 
side.  That  obviously  must  have  been  the  topog^raphy  of  the 
Connecticut  Lowland  after  the  post-Triassic  uplift,  and  be- 
fore the  work  of  denudation  in  the  later  Mesozoic  had  re- 
duced the  region  to  a  peneplain.  In  all  probability  the  re- 
semblance between  the  post-Triassic  condition's  in  Connec- 
ticut and  the  present  conditions  in  the  Great  Basin  is  not 
only  phenomenal,  but  also  dynamical.  It  is  the  most  plausi- 
ble interpretation  of  the  structure  of  that  region  that  the 


*KQmmel,  in  Ann.  Rep.  State  Geologist  N.J.^  1897,  pp.  105-136. 
t  Page  26. 
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-whole  area  between  the  Sierra  Nevada  on  the  west  and  the 
Wasatch  on  the  east  was  bent  by  tangential  pressure  into 
■3,  broad  geanticlinal  arch,  while,  pari  passu  with  the  eleva- 
tion, went  on  the  fracturing  of  the  rising  arch  and  the 
gravitational  readjustment  of  the  blocks  into  which  it  was 
broken. 

DRAINAGE. 

It  is  an  interesting  question  to  what  extent  the  present 
drainage  system  of  the  Connecticut  Valley  area  finds  its 
-causes  in  the  post-Triassic  deformation  which  we  have  been 
studying.*  The  question  is,  however,  one  to  which  it  is 
impossible  to  give  a  very  definite  answer.  As  has  been 
already  stated,  in  late  Mesozoic  time,  substantially  the 
whole  area  of  Connecticut  was  reduced  to  a  peneplain.  It 
is  possible  and  not  improbable,  though  by  no  means  certain, 
that  the  Cretaceous  sediments  which  now  exist  on  Long 
Island  once  extended  northward  to  an  unknown  extent 
over  southern  Connecticut.  No  remnants,  indeed,  of  Cre- 
taceous strata  have  been  found  in  Connecticut,  but  the 
amount  of  erosion  which  has  certainly  taken  place  is  so  great 
that  the  supposition  of  the  complete  removal  of  the  Cre- 
taceous formation  is  by  no  means  incredible.  How  far  the 
courses  of  Connecticut  rivers  may  have  been  taken  upon 
the  surface  of  Cretaceous  strata,  and  may  now  be  super- 
imposed upon  the  underlying  Triassic  sandstones  and  crys- 
talline rocks,  is  entirely  unknown. 

The  Tertiary  uplift,  which  may  be  said  to  have  initiated 
the  development  of  the  present  topography  of  Connecticut,! 
seems  to  have  been,  like  the  post-Triassic  uplift,  a  geanti- 
clinal movement.  It  was  apparently  a  broader  geanticline, 
and  its  axis  must  have  lain  farther  west.  This  movement, 
as  we  have  seen,  gave  to  the  surface  of  Connecticut  a  de- 
cided slope  from  northwest  to  southwest.  As  the  general 
direction  of  slope  in  this  region  due  to  the  Tertiary  up- 
lift was  about  the  same  as  that  due  to  the  post-Triassic  up- 
lift, the  stream  courses  which  appear  to  be  consequent  on 

•See  Davis,  in  Eighteenth  Ann.  Rep.  U.  S,  Geolojncai  Survey,  vol.  II,  pp.  i44->84l 
KQmmeU  Some  Rivers  0/  Connecticut ,  Kn  Journal  of  Geolo/u^  vol.  I,  pp.  j7»-393. 
t  See  pa^e  99. 
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such  a  slope  may  date  from  either  of  these  epochs.  If  they 
date  from  the  earlier  (post-Triassic)  uplift,  they  must  have 
persisted  through  the  long  cycle  of  late-Mesozoic  erosion. 

It  seems,  on  the  w'hole,  probable  that  the  course  of  the 
lower  Connecticut  across  the  eastern  crystallines  from  Mid- 
dletown  to  Saybrook  was  consequent  upon  the  post-Triassic 
uplift.  A  river  so  large  as  the  Connecticut  would  be  very 
likely  to  maintain  its  course  through  a  long  series  of 
geological  changes. 

Consequent  also  upon  the  post-Triassic  uplift  may  have 
been  the  considerable  river  which  doubtless  once  flowed 
through  the  gap  in  the  trap  range  between  Plainville  and 
New  Britain  (Cook's  Gap),  and  which  must  have  received 
as  tributaries  the  Farmington  and  the  Pequabuck,  or  their 
earlier  representatives.  This  gap  has  no  relation  to  any 
known  faults,  and  must  have  been  the  result  of  the  erosive 
action  of  a  river  of  considerable  size.  If  the  river  which 
flowed  through  Cook's  gap  was  consequent,  as  is  possible^ 
upon  the  post-Triassic  uplift,  it  must  have  maintained  its 
course  through  the  late-Mesozoic  cycle  of  denudation  and 
until  some  time  after  the  Tertiary  uplift.  The  present  gap 
in  the  trap  ridge,  we  may  be  sure,  was  cut  in  Tertiary  time, 
for  a  gorge  carved  in  any  earlier  period  would  have  been 
for  the  most  part  obliterated  when  the  whole  country  was 
reduced  to  a  peneplain.  In  the  Tertiary  cycle  of  erosion, 
a  southward-flowing  stream  in  the  sandstones  w-ould  have 
the  advantage  of  an  eastward-flowing  stream,  which  had  to- 
carve  a  gorge  across  the  trap  sheet;  and  some  time  in  the 
course  of  that  cycle  tlic  waters  of  the  stream  which  had 
flowed  through  Cook's  Gap  were  diverted  southward,  w-est 
of  the  trap  ranc^e,  and  probably  found  their  way  to  New 
Haven  along  the  present  course  of  Mill  River. 

It  is  possible  also  that  the  post-Triassic  uplift  may  have 
initiated  the  river  that  flowed  across  the  trap  range  at 
TariflFville,  and  carved  the  gentle  outer  slopes  of  the  valley 
within  which  in  later  time  has  been  carved  the  narrow, 
steep-walled  gorge  through  which  flows  the  Farmington. 
In  this  case,  as  in  the  former  one,  if  the  ri\er  crossing  the 
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trap  sheet  at  Tariffville  was  initiated  by  the  post-Triassic 
uplift,  it  must  have  held  its  course  until  after  the  Tertiary 
uplift.  That  river  was  certainly  not  the  Farmington  as  it  is 
to-day,  but  it  may  well  have  been  a  stream  which  received 
the  waters  of  what  are  now  the  northern  tributaries  of  the 
Farmington.  Like  the  stream  which  flowed  through  Cook's 
Gap,  the  stream  which  crossed  the  trap  range  at  Tariffville 
was  diverted  to  the  south  in  the  course  of  the  Tertiary 
cycle  of  erosion,  and  for  the  same  reason.  The  Tariffville 
stream  was  in  all  probability  a  smaller  one  than  that  at 
Cook's  Gap,  and  had  not  carved  its  valley  to  so  low  a  level 
when  it  was  diverted  southward.  In  the  later  part  of  the 
Tertiary  cycle  of  erosion  there  must  have  been  a  single 
river  running  in  an  approximately  straight  course  from 
Granby  to  New  Haven,  including  the  northern  tributaries 
of  the  Farmington,  the  middle  part  of  the  Farmington,  a 
small  section  of  the  Pequabuck,  the  upper  part  of  the  Quin- 
nipiac,  and  substantially  the  whole  of  Mill  River.  The  dis- 
memberment of  this  river,  and  the  establishment  of  the 
present  drainage  system  of  the  region,  were  undoubtedly 
due  to  events  connected  with  the  Glacial  period  —  to  de- 
posits of  drift,  and  possibly  to  slight  differential  movements 
of  the  earth's  crust.  It  is  undoubtedly  these  events  w^hich 
resulted  in  the  reversal  of  the  course  of  the  middle  Farm- 
ington and  the  lower  Pequabuck,  sent  the  Farmington 
through  the  old  Tariffville  valley  across  the  trap  range, 
caused  the  Farmington  to  cut  the  narrow  inner  gorge  at 
Tariffville  (whose  aspect  of  extreme  youth  proclaims  un- 
mistakably its  post-Glacial  date),  and  diverted  what  had 
been  the  northern  part  of  Mill  River  into  the  Quinnipiac, 
which  cut  a  narrow  (post-Glacial)  gorge  through  the  sand- 
stone ridge  in  Meriden.* 

Unlike  the  stream  that  flowed  through  Cook's  Gap,  the 
stream  that,  at  the  time  of  the  post-Triassic  uplift,  took  its 
course  across  the  trap  at  Tariffville,  probably  had  its  loca- 
tion determined  by  a  fault.    At  present,  indeed,  as  shown  on 


•  For  fuller  discussion  of  the  effects  of  Quaternary  events  upon  the  drainage  of 
the  Farmingfton-Quinnipiac  Valley,  see  page  151  and  Figs.  20-22. 
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the  map,  Plate  XXIV,  the  Farmington  River  cuts  across  the* 
southern  extremity  of  the  section  of  the  main  trap  sheet 
northeast  of  the  fault.  But,  as  shown  by  Kiimmel,*  the 
river  probably  flowed  originally  directly  through  the  break 
in  the  line  of  outcrop  of  the  main  trap  sheet  at  the  fault.  In 
the  progressive  degradation  of  the  country  the  outcrops  of 
all  members  of  the  formation  —  strata  and  trap  sheets  alike 
—  would  be  shifted  eastward.  As  a  result  of  that  shifting, 
the  outcrop  of  the  trap  sheet  northeast  of  the  fault  would 
extend  farther  southward  than  before,  as  shown  in  Fig.  17.. 


Pig.  17.  RelatioQB  of  Trap 
Sheet,  Panlt,  and  River  at 
Tariffville.  F,  F,  fault:  iV,  Sy 
trap  ontcrops  north  aod  south 
of  fault  before  degradatioo; 
N'yS'y  same  after  degrradation. 

In  that  way  it  came  to  pass  that  the  course  of  the  river 
crossed  the  outcrop  of  the  main  trap  sheet  northeast  of  the 
fault. 


*  Journal  of  Geology  y  vol.  I,  p.  386. 


Digitized  by  VjOOQIC 


Chapter   IV 


Glacial  Geology 


By 
HERBERT    ERNEST    GREGORY 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


GLACIAL    GEOLOGY. 


THE  PROBLEM  STATED. 

The  general  topography  of  the  northeastern  part  of  the 
United  States  is  quite  unlike  that  of  many  portions  of  the 
earth's  surface.  There  is  a  notable  absence  of  rough  and 
ragged  contours,  sharp  crests,  and  projecting  needles.  The 
hills  are  rounded  off  and  exhibit  mammiform  outlines.  This 
is  true  not  only  of  the  higher  and  more  prominent  ridges, 
but  also  of  the  lower  lands,  where  the  surface  presents  a 
billowy  appearance.  In  other  parts  of  the  country  rocks  of 
different  types  and  different  structure  assume  character- 
istic outlines  —  sinks  and  knobs  in  limestone,  pyramids  and 
mesas  in  horizontal  strata,  long  even  ridges  in  folded  strata, 
etc. ;  rock  structure  and  attitude  being  revealed  in  the  sur- 
face configuration.  In  Connecticut  and  adjoining  states, 
however,  the  rocks  are  rounded  and  smooth,  regardless  of 
their  character,  and  at  a  distance  it  is  scarcely  possible  to 
distinguish  a  hill  of  gneiss  from  one  of  trap  or  of  limestone. 
Not  only  consolidated  rock,  but  sands,  gravels,  and  loose 
materials  of  various  sorts  are  built  into  hills  and  ridges 
with  undulating  profiles. 

Another  feature  which  attracts  the  attention  of  one 
coming  from  the  west  or  the  south  is  the  unusual  abundance 
of  bowlders  of  all  sizes  and  shapes  and  materials,  which  are 
strewn  widely  over  highland  and  lowland  alike,  as  well  as 
built  into  walls  along  the  roadways. 

Characteristic,  also,  of  the  scenery  of  this  region,  is  the 
presence  of  numerous  lakes  and  ponds  picturesquely  located 
on  hills,  in  valleys,  in  woodland,  and  in  field.  The  presence 
of  numerous  bodies  of  water  of  this  kind  would  be  a  topo- 
graphic feature  unknown  in  many  parts  of  the  world.  The 
Century  Atlas  shows  no  lakes  in  Delaware,  Maryland,  West 
Virginia,  Kentucky,  Tennessee,  Alabama,  or  Kansas;   they 

15 
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are  likewise  very  rare  in  many  other  states.  In  the  same 
atlas,  however,  Connecticut  is  credited  with  216  lakes  large 
enough  to  be  represented  on  the  map,  while  the  United 
States  Topographic  Atlas  shows  1,026  lakes  and  420  swamps 
within  the  borders  of  this  one  state. 

If  the  soil  of  Connecticut  be  compared  with  that  of 
some  other  sections  of  the  United  States  it  is  seen  to  possess 
two  chief  characteristics:  namely,  remarkable  variety 
within  small  areas,  and  lack  of  correspondence  between  the 
soil  cover  and  the  rock  beneath.  Here  sandstone  soil  may 
cover  granite  ledges,  and  soil  made  of  lava  fragments  may 
lie  upon  shales.  In  the  South,  limestone  is  covered  with 
limestone  soil,  and  decomposed  shale  is  the  cover  of  shale 
rocks. 

Since  rounded  hills,  abundant  bowlders,  numerous  lakes^ 
and  soil  unlike  the  rock  beneath,  are  not  universal  phe- 
nomena, but  are  characteristic  features  of  the  surface  of 
Connecticut,  they  clearly  require  some  explanation  not  ap- 
plicable to  all  parts  of  the  earth. 

Weathering  and  Decay  of  Rocks. —  One  naturally  looks 
to  the  atmosphere  as  the  cause  of  the  decomposition  of 
surface  rocks  and  of  the  formation  of  soil  and  bowlders,  as 
the  source  of  the  water  in  lakes  and  streams,  and  as  the 
chief  agent  in  molding  the  earth's  topography.  The  atmo- 
sphere is  by  far  the  most  important  of  geological  agencies 
producing  these  results.  It  does  not  operate  with  great 
rapidity,  but  is  everywhere  present  and  has  been  at  work 
ever  since  the  rocks  have  existed  at  the  earth's  surface. 
The  work  of  the  atmosphere  is  expressed  by  the  general 
term  weathering,  and  the  character  of  its  results  is  seen 
when  we  compare  blocks  recently  taken  from  the  Portland 
quarries,  with  stones  taken  from  the  same  place  a  hundred 
years  ago  and  used  as  monuments  in  Connecticut  ceme- 
teries. The  stone  from  the  quarry  is  fresh ;  the  tombstone 
has  a  dulled  surface,  and  even  its  inscription  may  have  been 
eaten  away ;  that  is,  the  rock  has  weathered.  This  action 
of  the  atmosphere  on  rock  at  the  earth's  surface  varies 
with  the  character  of  the  material.     If  the  rock  contains 
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such  constituents  as  can  readily  be  decomposed  chemically 
by  the  gases  of  the  atmosphere,  it  disintegrates  rapidly. 
If  it  contains  constituents  which  are  more  resistant,  it 
crumbles  slowly.  In  either  case,  however,  it  decomposes. 
If  the  rocks  of  the  earth  consisted  wholly  of  extremely  re- 
sistant material,  e.  g.,  platinum,  the  atmosphere  as  now  con- 
stituted would  be  practically  powerless,  and  the  land  forms 
produced  by  the  earth's  cooling  would  be  permanent  as  they 
now  are  on  the  moon.  If,  on  the  other  hand,  rocks  were 
composed  of  less  resistant  materials,  weathering  would  pro- 
ceed at  a  more  rapid  rate,  and  the  lands  would  be  reduced 
to  plains  in  a  much  shorter  time.  On  our  particular  planet 
the  relation  between  the  action  of  the  atmosphere  and  the 
resistance  of  the  rock  is  such  that  all  rocks  decay. 

If  a  rock  belongs  to  the  igneous  class,  like  Connecticut 
granites  or  traps,  decomposition  takes  place  by  means  of 
selecting  out  certain  minerals  which  yield  more  readily  than 
others  to  the  action  of  the  atmosphere.  For  instance,  gran- 
ite, being  composed  of  feldspar,  quartz,  and  mica,  has  a 
vulnerable  spot  in  the  feldspar;  and  this  is  the  point 
toward  which  the  water  from  the  atmosphere,  carrying  car- 
bon dioxide  and  taking  up  humus  acids  from  the  soil,  directs 
its  attack.  The  feldspar  is  decomposed  into  clay,  and  the 
quartz  and  mica  remain  as  loosened  mineral  fragments  to 
represent  the  original  solid  rock.  In  the  case  of  Connecti- 
cut sandstone,  which  is  made  up  of  grains  of  sand  cemented 
by  clay,  iron  oxide,  or  calcium  carbonate,  the  cement  is  re- 
moved by  atmospheric  agencies,  and  the  sandstone  becomes 
once  more  a  sand. 

In  this  way  solid  rock  is  loosened  and  made  more  por- 
ous, and  is  rotted  or  decomposed  down  to  a  certain  depth 
below  the  surface,  the  depth  depending  upon  the  character 
of  the  rock  and  the  activity  of  the  decomposing  agents. 
A  quarry  in  rock  decomposed  by  the  atmosphere  shows  a 
section  from  the  surface  to  the  bottom  of  the  pit,  in  which 
the  rock  increases  in  solidity  with  the  depth,  and  ranges 
from  a  loose-textured  soil  at  the  surface  to  firm,  fresh  build- 
ing stone  below.  This  variation  in  the  section  is  due  to  the 
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fact  that  the  work  of  the  atmosphere  is  most  effective  at  the 
surface  and  proceeds  much  more  slowly  and  with  less  power 
as  the  depth  increases.  By  this  atmospheric  action  a  loos- 
ened cover  or  mantle  or  sheet  of  rock  waste  is  formed  on  the 
surface  of  the  earth.  It  is  not  allowed  to  remain  there  in- 
definitely, but  is  being  continually  carried  away.  The  re- 
sult of  unequal  decomposition  of  different  rocks  and  of 
variation  in  the  rate  of  removal  of  the  waste  is  that  irregu- 
larities of  surface,  large  and  small,  are  found  everywhere. 
The  minor  inequalities  are  concealed  from  view  by  the 
cover  of  decomposed  rock,  while  the  larger  ones  are  shown 
in  the  hills,  the  valleys,  and  the  plains. 

The  Soil  of  Connecticut. —  Soil  or  rock  cover  of  the 
nature  just  described  is  the  ordinary  surface  mantle  of  the 
earth,  but  is  not  characteristic  of  New  England.  In  fact, 
anywhere  in  Connecticut  it  would  be  difficult  to  find  a  sec- 
tion which  showed  for  a  considerable  extent  the  gradual 
transition  from  rotted,  loose  rock  above,  to  firm,  fresh  rock 
below.  In  the  southern  states  the  soil  is  formed  out  of  the 
rock  upon  which  it  rests,  and  the  transition  from  rotten  to 
fresh  rock  is  commonly  seen  in  wells,  quarries,  and  railroad 
cuts.  In  certain  parts  of  the  south  the  rotten  rock  extends 
down  to  a  depth  of  ten,  twenty,  or  even  fifty  feet,  while  in 
the  tropics  it  reaches  still  greater  depths.  In  Connecticut 
there  is  no  gradual  transition  from  soil  to  rock  surface,  but 
a  layer  of  decomposed  material  rests  directly  upon  firm, 
unchanged  bed  rock.  The  illustrations  (Plate  XXV)  show 
these  relations  of  soil  to  rock.  That  from  the  District  of 
Columbia,  shown  in  Fig.  i,  represents  the  normal  condition 
—  a  gradual  increase  in  solidity  with  depth.  The  Connecti- 
cut view  (Fig.  2)  shows  the  abrupt  change  due  to  peculiar 
conditions.  Generally,  on  the  hills  the  soil  is  hard-pan; 
that  is,  a  jumbled  mass  of  bowlders,  sand,  and  clay;  in  the 
valleys  it  is  more  apt  to  be  sand  and  gravel  in  layers ;  but 
in  either  case  the  transition  to  rock  below  is  abrupt.  The 
character  of  the  soil  in  Connecticut  and  its  relation  to  the 
underlying  ledge  cannot,  therefore,  be  a  result  of  atmos- 
pheric action. 
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PLATE    XXV. 


Fig  X.    FORMATION  OP  SOIL  IN  A  NON-GLACIATED  REGION;  WASHINGTON, 

DISTRICT  OF  COLUMBIA. 

Transition  is  shown  from  soil  to  solid  rock. 

Photogrraph  by  G.  P.  Merrill. 


FIC.  a.    SOIL  IN  A  GLACIATED  REGION;  ORANGE,  CONNECTICUT. 
Glacial  soil  rests  directly  upon  solid  rock. 
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PLATE    XXVI. 


Fig.  I.     HILLTOP  IN  NON-GLACIATED  REGION  ;  PEAKS  OP  OTTER,  VIRGINIA. 
Photograph  presented  by  Sidney  M.  Loyd. 


Fig.  2.     HILLTOP  IX  GLACIATP:D  RKGION  ;  WKST  PEAK,  MERIDEX. 
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Bowlders. —  The  same  may  be  said  of  the  bowlders 
strewn  broadcast  over  the  state.  They  are  found  every- 
where, not  only  in  the  valleys,  but  on  the  tops  of  the  highest 
hills,  oftentimes  in  great  profusion.  They  are  large  or 
small,  rounded  or  angular,  and  exhibit  great  variety  in  color, 
texture,  and  composition.  They  may  be  of  the  same  rock 
as  that  which  underlies  them,  but  frequently  are  of  widely 
diflferent  material,  and  when  traced  to  their  parent  ledge 
are  found  to  have  been  moved  many  miles  to  the  south- 
ward. Bowlders  may  be  formed  by  atmospheric  agencies, 
but  in  such  cases  they  possess  features  which  unmistakably 
indicate  their  origin.  Thus,  they  are  of  the  same  material 
as  the  unweathered  rock  near  them,  and  partly  formed 
bowlders  of  the  same  rock  type  still  connected  with  the 
parent  ledge  are  usually  present.  Such  bowlders  exist  in 
great  profusion  at  the  tops  of  mountains  and  hills  where  the 
atmospheric  gases  and  the  frost  are  least  hindered  in  their 
work.  On  Connecticut  hill-tops,  however,  where  the  rock 
is  exposed,  it  is  not  weathered  into  bowlders,  but  is  com- 
monly smooth  and  firm  and  fresh;  if  bowlders  are  present, 
they  are  plainly  unrelated  to  the  ledge.  The  difference  in 
character  between  these  hill-tops  and  those  in  ^  regions 
where  bowlders  formed  by  rock  decomposition  prevail  is 
strikingly  shown  in  a  comparison  of  the  Peaks  of  Otter  in 
Virginia  with  West  Peak  in  Meriden.  (See  Plate  XXVI.) 
As  will  appear  later,  West  Peak  was  formerly  covered  with 
bowlders  formed  in  place  by  weathering;  but  they  have 
been  removed  and  lost,  and  those  which  are  now  scattered 
over  the  surface  have  been  brought  from  the  region  about 
Berlin  Junction. 

Lakes. — Furthermore,  the  atmosphere  alone  is  not  re- 
sponsible for  the  great  abundance  of  lakes  and  swamps 
within  the  state.  This  feature  is  common  to  a  large  part  of 
the  northeastern  United  States,  but  is  not  due  to  the  rain- 
fall. There  is  no  necessary  relation  between  the  amount  of 
rainfall  and  the  presence  of  lakes.  Kentucky,  with  no  lakes, 
has  a  heavier  rainfall  than  Connecticut,  and  many  lakes  oc- 
cur in  arid  regions. 


Digitized  by  VjOOQIC 


230  CONNECTICUT   GEOL.   AND   NAT.    HIST.    SURVEY.       [Bull. 

How,  then,  are  we  to  account  for  the  presence  of  lakes, 
and  bowlders,  and  soil  resting  on  unaltered  bed  rock,  and 
the  unusual  topography  to  which  the  scenery  of  G)nnecti- 
cut  is  due?  The  evidence  is  conclusive  that  these  features 
owe  their  origin  to  the  invasion  of  a  glacier  of  continental 


Fi«r.  18.    Map  HhowinK  SouUiem  Limit  of  the  North  American  Conti- 
nental Glacier. 

dimensions  during  the  Glacial  period  —  a  glacier  which 
occupied  the  area  indicated  on  the  map,  Fig.  18.  There  is 
now  practically  unanimous  agreement  on  this  point  among 
students  of  geology,  but  before  the  action  of  ice  was  thor- 
oughly understood  these  features  were  a  puzzle  to  layman 
and  scientist  alike. 

HISTORICAL  SKETCH. 

In  this  connection  it  is  interesting  to  note  the  various 
interpretations  that  have  been  given  to  these  features  of 
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New  England,  and  the  way  in  which  the  trtie  explanation 
has  been  developed. 

The  American  Journal  of  Science  was  established  by 
Benjamin  Silliman,  at  New  Haven,  in  1818,  and  is  thus  the 
oldest  scientific  journal  in  this  country.  An  examination  of 
its  pages  shows  that  the  unusual  features  of  Connecticut 
topography  were  recognized  at  a  very  early  date.  Among 
the  greatest  puzzles  to  the  early  scientists  were  the  presence 
of  huge  bowlders  on  the  tops  of  the  highest  hills,  and  the 
abundance  of  sands  in  ridges  and  plains,  suggesting  great 
water  work  under  flood  conditions.  In  the  absence  of  better 
explanations,  these  were  regarded  as  evidences  of  the 
great  flood  described  in  Genesis;  and  the  water  surging 
from  the  ocean  and  drowning  the  land  was  supposed  to  have 
carried  these  huge  masses  of  rock  and  deposited  the  material 
promiscuously  over  the  state.  When  the  surface  deposits 
were  examined  in  detail,  however,  it  was  found  that  no  such 
catastrophe  could  account  for  the  features  represented.  Sil- 
liman early  recognized  the  peculiar  characteristics  of  our 
superficial  deposits,  as  is  shown  by  the  following  quotation : 
— "  The  almost  universal  existence  of  rolled  pebbles,  and 
boulders  of  rock,  not  only  on  the  margin  of  the  oceans,  seas, 
lakes,  and  rivers;  but  their  existence,  often  in  enormous 
quantities,  in  situations  quite  removed  from  large  waters; 
inland, —  in  high  banks,  imbedded  in  strata,  or  scattered, 
occasionally,  in  profusion,  on  the  face  of  almost  every 
region,  and  sometimes  on  the  tops  and  declivities  of 
mountains,  as  well  as  in  the  vallies  between  them ;  their  en- 
tire difference,  in  many  cases,  from  the  rocks  in  the  country 
where  they  lie  —  rounded  masses  and  pebbles  of  primitive 
rocks  being  deposited  in  secondary  and  alluvial  regions,  and 
vice  versa ;  these  and  a  multitude  of  similar  facts  have  ever 
struck  us  as  being  among  the  most  interesting  of  geological 
occurrences,  and  as  being  very  inadequately  accounted  for 
by  existing  theories."*  At  a  later  date  Silliman  published 
a  letter  signed  "  A,"  in  which  the  following  statements  oc- 
cur:— "There    is    one    circumstance    connected    with    the 


*  Am.  Journal  of  Science^  series  i.  vol.  Ill,  p.  49,  tSai. 
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earth's  surface;,  which  has  not,  that  I  am  aware  of,  been 
noticed  by  any  writer  on  Geology.  The  surface  of  every 
portion  of  the  mass  of  rock,  composing  the  nucleus  of  the 
earth,  and  which  has  not  been  exposed  to  the  action  of  the 
atmosphere,  is  found  worn  quite  smooth,  and  this  equally, 
whether  the  covering  of  earth  be  shallow,  or  deep,  of  what- 
ever species  of  rock  the  mass  may  consist,  or  however  un- 
equal and  irregular  may  be  the  form  which  it  has  assumed. 
The  common  appearance  of  the  surface  is  highly  artificial, 
as  if  worn  down  by  some  powerful  but  not  very  delicate 
agent.  The  harder  parts  have  in  some  instances,  especially 
when  forming  veins  in  a  softer  stratum,  the  feeling  of  being 
polished,  but  the  general  character  of  the  surface,  although 
smooth  to  the  eye,  is  somewhat  rough  to  the  touch,  with 
slight  grooves  or  channels,  running  in  a  uniform  direction, 
very  nearly  north  and  south,  but  from  a  little  west  of  north 
to  a  little  east  of  south."* 

These  passages  show  Professor  Silliman  and  his  cor- 
respondent to  have  been  field  geologists  of  exceptional 
ability;  and  their  observations  and  descriptions  have  been 
verified  time  and  again.  They  nevertheless  could  conceive 
of  no  other  explanation  of  the  facts  than  the  supposition  of 
currents  of  water  of  tremendous  strength,  and  they  sug- 
gested most  fantastic  hypotheses  as  to  the  cause  of  such 
currents. 

In  the  Geology  of  Connecticut  by  J.  G.  Percival  (pub- 
lished in  1842),  the  surface  deposits  are  classified  as  Dilu- 
vium and  Alluvium  —  the  former  name  being  applied  to  the 
materials  deposited  by  strong  currents  and  "accumulated 
loosely  and  irregularly,"  and  the  latter  to  stratified  materials 
deposited  by  quiet  waters. 

Certain  features,  however,  were  not  satisfactorily  ex- 
plained. No  currents  of  water,  however  powerful,  could 
lift  these  great  bowlders  and  leave  them  scattered  in  such 
helter-skelter  fashion.  Furthermore,  the  rocks,  even  on  the 
highest  hills,  were  seen  to  be  scratched  and  highly  polished 
in  a  way  unlike  those  worn  by  water.    The  theory  was  sub- 

*Am.  Journal  of  Science^  series  i,  vol.  XI,  p.  100,  i8a6.  The  writer  was  probably- 
Nathan  Appleton. 
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sequently  advanced  that,  at  the  time  of  the  Noachian  deluge 
or  at  some  other  time,  icebergs  had  been  driven  through 
New  England,  and  that  the  bowlders  present  had  been 
dropped  from  them.  It  is  well  known  that  icebergs  have 
about  seven-eighths  of  their  volume  submerged,  and  so 
may  reach  down  far  enough  in  shallow  water  to  polish  and 
scratch  the  rocks.  That  ice  had  taken  some  part  in  the 
grooving  and  polishing  of  rocks,  was  a  growing  idea  during 
the  second  quarter  of  the  nineteenth  century.  Mr.  Peter 
Dobson,  of  Vernon,  Connecticut,  regarded  it  as  an  import^ 
ant  factor  in  producing  scratches  and  markings  on  rocks,  as 
is  shown  by  the  following  extract  from  a  letter  addressed  to 
Professor  Silliman,  November  21,  1825: — "I  think  we  can- 
not account  for  these  appearances,  unless  we  call  in  the  aid 
of  ice  along  with  water,  and  that  they  [the  bowlders  de- 
scribed in  the  letter]  have  been  worn  by  being  suspended 
and  carried  in  ice,  over  rocks  and  earth,  under  water."*  It 
is  remarkable  that  the  first  published  suggestion  of  the 
agency  of  ice  in  the  phenomena  of  the  drift  should  come 
from  one  who  was  not  a  professional  geologist,  but  a  man  of 
business.  Professor  Edward  Hitchcock,  although  strongly 
impressed  by  the  views  which  had  already  been  promul- 
gated by  Louis  Agassiz,  still  declared,  in  1857,  "  I  lean, 
therefore,  at  present,  to  that  [hypothesis]  which  imputes 
most  of  the  work  on  this  continent  to  immense  icebergs,  ice- 
floes, and  shore  ice."t  Still  more  recently  the  iceberg  theory 
found  a  champion  in  Sir  John  William  Dawson,  who  pre- 
sented elaborate  arguments  in  its  favor  as  late  as  1868 ;{  but 
even  the  influence  of  so  great  a  name  could  not  retrieve  a 
h)st  cause. 

With  the  coming  of  Professor  Agassiz  to  America,  in 
1846,  a  new  era  was  opened  in  the  study  of  the  surface 
geology  of  New  England.  Agassiz  was  a  Swiss,  and  was 
thoroughly  acquainted  with  the  movements  of  glaciers  in  the 
Alps  and  in  other  parts  of  Europe.  As  far  back  as  1837  he 

^  Am.  Journal  of  Science y  series  z,  voL  X,  p.  %\%. 

\  Illustrations  of  Surface  Geology ^  p.  71  {Smithsonian  Contributions  to  ICnoivU 
edge^  vol.  IX). 

X  Canadian  Naturalist^  voL  III,  pp.  33-44. 
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had  announced  the  conclusion  that  the  fine  striae  engraven 
as  with  a  diamond  point  on  the  rocks  of  the  Jura  Mountains 
could  not  have  been  produced  by  water,  and  that  the  Alpine 
glaciers  must  have  extended  formerly  across  the  intervening 
valley.  In  1840  he  visited  Britain,  and,  after  demonstrating 
the  identity  of  the  surface  phenomena  in  England  and 
Switzerland,  made  the  then  startling  announcement  "  that 
not  only  glaciers  once  existed  in  the  British  Islands,  but 
that  large  sheets  {nappes)  of  ice  covered  all  the  surface."* 
This  was  the  real  beginning  of  the  study  of  ancient 
glaciation. 

On  coming  to  New  England  Agassiz  was  struck  with  the 
similarity  between  the  deposits  and  the  topography  here 
and  the  surface  features  of  Scotland  and  the  Alps.  Starting 
with  this  general  observation,  he  found  more  and  more 
surface  forms  that  could  be  ascribed  to  glacial  work,  and 
finally  announced  his  belief  that  the  northern  part  of  the 
United  States  had  been  overridden  by  separate  glaciers  or 
by  one  great  ice  sheet. 

The  glacier  theory  of  Agassiz  was  advocated  by  Pro- 
fessor Dana  in  his  presidential  address  before  the  American 
Association  for  the  Advancement  of  Science,  in  1855,  and  in 
his  "  Manual  of  Geology,"  the  first  edition  of  which  was 
published  in  1862.  To  his  great  influence,  doubtless,  the 
general  adoption  of  the  theory  by  American  students  of 
geology,  in  the  course  of  the  next  few  years,  is  largely 
due. 

THE    WORK    OF    EXISTING    GLACIERS. 

The  proof  of  the  theory  of  glaciation  is  found  in  the  cor- 
respondence between  the  work  attributed  to  the  supposed 
ancient  ice  sheet  and  that  known  to  be  done  by  recent 
glaciers.  The  glaciers  of  the  earth  are  to-day  confined  to 
high  altitudes  and  high  latitudes.  A  certain  amount  of  cold 
is  necessary  for  their  existence;  and  their  presence  in  or 
absence  from  a  given  locality  depends  upon  the  relation  be- 
tween the  amount  of  precipitation  and  that  of  melting.  As 
climates  are  now  arranged,  small  glaciers  exist  about  the 

*  Proceedings  of  the  Geological  Society  of  Londouy  vol.  Ill,  p.  ^31,  1840. 
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high  mountain  groups  of  the  world,  and  large  ones  near 
the  poles. 

If  we  take  an  individual  glacier,  as,  for  instance,  one  of 
those  in  the  Alps  or  on  Mt.  Shasta,  we  find  that  it  is  an  ice 
stream  or  mass  of  ice  occupying  the  valley  depression  and 
reaching  down  somewhat  below  the  snow-line.  It  is  a 
tongue  of  ice,  so  to  speak,  extending  a  considerable  distance 
beyond  the  region  of  perpetual  snow.  On  top  of  the  glaciers 
are  commonly  found  masses  of  rock,  large  and  small,  which 
have  fallen  from  the  side  cliffs  and  are  carried  with  the  ice 
as  it  moves  slowly  down  the  valley.  Through  the  crevasses 
in  the  glacier  these  rocks  may  find  their  way  to  the  bottom. 
If  the  lower  end  of  this  ice  stream  is  examined,  it  will  be 
seen  that  water  is  generally  flowing  from  it,  and  that  a 
mound  or  ridge  or  irregular  mass  of  rock  material  is  de- 
posited at  the  end  of  the  glacier. 

In  the  lower  course  of  the  valley,  where  the  ice  formerly 
existed,  and  from  which  it  has  only  recently  retreated,  it  is 
further  seen  that  the  rock  walls  have  been  smoothed  and 
scoured  and  scratched  in  a  way  very  different  from  forms 
produced  by  water;  aLso  that  masses  of  material  are  piled 
on  the  sides  of  the  valley,  and  that  the  valley  bottom  is 
either  bare,  polished,  and  striated  rock,  or  is  covered  over 
with  a  jumbled  mass  of  bowlders,  clay,  etc.,  or  is  partly 
filled  with  sands  and  gravels  left  by  the  waters  from  the 
melting  glacier.  These  deposits  are  very  unlike  those  found 
in  an  ordinary  river  valley,  and  afford  conclusive  evidence 
that  the  work  here  is  the  result  of  a  tongue  of  ice  which 
has  now  receded  farther  up  the  valley. 

When  glaciers  of  much  larger  dimensions  than  the  valley 
type  are  examined,  as,  for  instance,  the  Malaspina  Glacier 
of  Alaska  or  the  Greenland  ice  sheet,  deposits  of  the  same 
character  are  found,  and  the  same  effects  are  seen  to  have 
been  produced  on  the  underlying  rock. 

If,  then,  we  find  in  certain  parts  of  the  world,  far  re- 
moved from  existing  glaciers,  topographic  forms  and  de- 
posits which  differ  in  no  essential  particular  from  those 
found  in  valleys  now  filled  with  ice  streams,  it  is  reasonable 
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to  suppose  that  ice  formerly  occupied  these  places ;  and  this 
hypothesis  is  strengthened  in  proportion  as  we  find  the  de- 
tails of  erosion  and  deposition  corresponding  to  details  of 
work  done  by  existing  glaciers.  Additional  evidence  is 
furnished  by  the  fact  that  the  other  great  dynamic  forces  — 
water,  wind,  and  volcanoes  —  were  never  known  to  have 
produced  results  which  are  even  approximately  similar. 
It  is  on  such  grounds  that  the  surface  topography  of  Con- 
necticut is  ascribed  to  the  work  of  a  prehistoric  ice  sheet, 
and  it  will  now  be  in  order  to  explain  somewhat  in  detail 
the  effects  of  the  work  of  this  agency  on  the  topography  of 
the  state. 

Methods  of  Glacial  Work. —  As  a  geological  force,  ice 
works  in  a  way  peculiar  to  itself.  It  is  not  liquid  enough  to 
adjust  itself  to  minor  irregularities  of  the  surface,  but  still  is 
controlled  by  the  larger  irregularities.  It  is  not  sufficiently 
adjustable  to  erode  a  pit  of  a  few  feet  or  a  few  inches  in 
diameter,  as  may  be  done  by  the  chemical  action  of  the  at« 
mosphere,  yet  it  is  adjustable  enough  to  be  modified  by  an 
uneven  surface.  The  original  topography  of  a  given  region 
is  therefore  effective  in  determining  the  amount  of  cutting 
into  the  rock  below\  The  chief  work  of  rivers  in  erosion  is 
performed  by  the  impact  of  the  pebbles  against  the  banks 
and  bed  of  the  stream ;  and  up  to  a  certain  point  a  river  is 
effective  in  its  erosion  in  proportion  to  the  amount  of  ma- 
terial that  it  carries  in  suspension  and  rolls  along  the  bot- 
tom. Water  is  so  mobile  that  it  adjusts  itself  to  all  the 
minor  inequalities  in  its  path.  Wind  works  by  abrasion; 
it  carries  the  finer  particles  suspended  in  the  air  and  hurls 
them  against  projecting  objects,  but  it  carries  only  the 
finest  of  materials,  and  is  too  irregular  in  its  direction  and 
velocity  to  produce  widespread  uniform  results. 

Ice,  in  the  form  of  glaciers,  works  in  an  entirely  different 
way.  The  moving  ice  is  effective  in  erosion  because  of  its 
weight,  and  because  of  the  imbedded  rock  fragments.  In 
its  grinding  motion  it  is  a  ponderous  plane,  driven  with 
practically  resistless   force  over  an  uneven   land   surface. 
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The  result  is  that  it  grinds  down  rock,  both  hard  and  soft, 
to  a  common  level,  and  does  not  select  the  weaker  or  less 
resistant  portions,  as  would  a  river  or  the  wind.  Its  work 
is  like  that  of  a  giant  power-plane,  which  goes  across  knots 
and  clear  places  in  a  board  with  equal  effect.  A  mass  of 
ice  a  thousand  feet  in  thickness,  such  as  was  present  over 
the  locality  of  New  Haven  during  Glacial  time,  exerts  a 
pressure  of  50,000  pounds  per  square  foot.  This  enormous 
weight  and  the  pressure  which  impelled  it  slowly  forward 
produced  the  great  erosion  and  rounding  which  are  now 
so  conspicuous  features  in  the  topography  of  Connecticut.  A 
glacier  is  a  coarse  tool,  yet  at  the  same  time  a  tool  amply 
sufficient  and  admirably  adjusted  to  perform  all  sorts  of 
grinding  and  polishing. 

As  a  transporting  agent  it  is  very  unlike  wind  or  water. 
Water  can  carry  rock  fragment^  of  limited  size,  the  weight 
of  the  largest  fragments  (if,  for  simplicity,  we  suppose  the 
shape  to  be  alike  and  the  specific  gravity  equal)  varying 
as  the  sixth  power  of  the  velocity.  Glaciers  carry  large  and 
small  bowlders  with  equal  ease.  When  materials  are  de- 
posited by  water,  they  fall  in  accordance  with  their  size 
and  specific  gravity,  and  are  therefore  sorted  and  stratified ; 
while  a  glacier  deposits  them  in  unassorted  masses,  regard- 
less of  their  shape,  size,  or  composition.  In  passing  over 
a  new  land  area  the  work  of  an  ice  stream  would  be  first  to 
scrape  off  all  the  soil  that  had  been  formed  over  the  rock, 
and  usually  not  only  that,  but  to  grind  down  into  the  rock 
Itself  to  a  greater  or  less  distance.  Hence,  after  the  retreat 
oi  the  ice,  the  soil  which,  under  the  action  of  the  atmos- 
phere, had  been  formed  during  long  geological  time,  would 
"have  been  removed,  and  that  left  on  the  ground  would  be 
entirely  different  in  character  from  the  rock  below.  This 
explains  why  the  soil  in  Connecticut  is  commonly  made  of 
materials  unlike  those  in  the  underlying  ledges.  For  this 
reason,  also,  as  a  rule,  sections  in  wells,  cellars,  and  quarries 
in  the  state  do  not  exhibit  a  gradual  transition  from  surface 
«oil  through  rotten  rock  to  firmer  and  firmer  rock,  but  show 
a  clean-cut  line  between  the  cover  and  the  bed  underneath. 
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The  soil  rests  directly  upon  fresh,  unweathered  surfaces,  as 
shown  in  Plate  XXV,  Fig.  2. 

The  method  of  work  of  the  water  running  from  a  glacier 
is  exactly  the  same  as  that  of  other  running  water  and  re- 
quires no  special  explanation. 

THE  WORK  OF  THE  GREAT  GLACIER  IN  CONNECTICUT. 

Glaciation. —  The  work  of  the  ice  sheet  in  general  is  in- 
cluded under  the  term  glaciation,  and  exhibits  two  main 
phases;  (i)  the  work  done  directly  by  the  ice,  and  (2)  that 
effected  by  water  resulting  from  the  melting  of  the  ice.  The 
work  done  directly  by  the  ice  is  first  of  all  shown  in  the  ap- 
pearance of  the  ledge  or  bed  rock  which  has  been  over- 
ridden by  the  ice  sheet.  Under  the  influence  of  the  atmos- 
phere such  a  ledge  would  be  covered  by  partially  decom- 
posed rock,  and  would  show  a  dulled  or  weathered  surface ; 
but,  when  overridden  by  ice,  the  rock  is  worn  smooth,  and 
is  scratched  or  polished. 

Striae. —  Part  of  this  smoothing  and  polishing  is  done  by 
the  ice  itself  because  of  its  great  weight  and  movement,  but 
a  much  larger  share  is  done  by  the  bowlders  and  pebbles 
that  are  imbedded  in  the  bottom  of  the  ice  sheet.  These  are 
shoved  along  over  the  ledges,  and  cut  grooves  or  fine  lines 
in  proportion  to  their  size.  When  the  pebbles  are  very 
small  they  result  in  polishing  the  rock.  Plate  XXVII 
shows  the  polished  and  scratched  rock  surface  on  South 
Mountain,  in  Meriden.  All  the  soil  and  decomposed  ma- 
terial have  been  carried  to  the  southwest  by  the  glacier,  and 
only  a  few  foreign  pebbles  remain.  The  characteristic 
glacial  striae  may  be  observed  in  Connecticut  wherever 
ledges  are  exposed  which  have  not  weathered  to  any  great 
extent.  Resistant  rocks  of  fine  texture,  such  as  the  traps, 
granites,  gneisses,  and  quartzites,  are  best  adapted  to  re- 
tain scratches ;  but  schists,  limestones,  sandstones,  and  even 
shales,  retain  records  of  the  ice  invasion.  These  grooves 
and  scratches  will  of  course  be  in  the  direction  of  the  main 
ice  movement,  and  will  enable  us  to  determine  the  course 
of  the  ancient  ice  sheet.     On  the  accompanying  map  (Fig. 
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19),  the  courses  of  a  number  of  striae  are  plotted,  and  it  will 
be  seen  that  the  main  movement  of  the  ice  over  Connecti- 
cut was  a  little  east  of  south,  but  that,  where  large  valleys 
existed,  the  lower  part  of  the  glacier  was  controlled  by  them, 
and  the  variation  in  the  direction  of  the  striae  shows  the 
changes  induced  by  the  topography. 

Glacial  Pebbles. —  Not  only  are  the  rock  ledges  modified 
by  the  ice  sheet,  but  the  pebbles  and  bowlders  held  in  the 
bottom  of  the  ice  will  themselves  take  on  characteristic 
forms.  They  are,  as  it  were,  chisels  held  on  the  lower  side 
of  a  giant  power-plane;  while  the  board  underneath  the 
plane  is  smoothed  off,  the  chisels  are  at  the  same  time  worn 
down.  In  this  way  the  bowlders  in  the  bottom  of  the  ice 
are  polished  and  grooved  and  striated  along  one  or  more 
faces,  leaving  other  sides  unaffected.  Such  pebbles  are 
easily  distinguished  from  pebbles  worn  by  water,  for  in  the 
later  case  the  pebbles  have  been  rolled  against  each  other 
so  that  their  corners  and  angles  are  entirely  worn  oif,  leav- 
ing them  approximately  spheroidal.  Glacial  pebbles  are 
polished  and  flattened,  but  not  rounded.  If  collections  of 
water-worn  and  ice-worn  pebbles  are  compared,  these  dif- 
ferences will  at  once  be  apparent,  as  shown  in  Plate 
XXVIII. 

Bowlders. —  Another  evidence  of  ice  work  is  the  g^eat 
abundance  of  bowlders  strewn  without  order  over  the  en- 
tire state.  Many  are  very  small;  those  ranging  in  size 
from  six  inches  to  three  feet  in  diameter  are  abundant; 
many  are  found  five  to  ten  feet  in  diameter;  and  certain 
ones  occur  which  exceed  twenty  feet  in  their  largest  dimen- 
sions. The  moderate-sized  ones  have  been  in  many  places 
picked  off  from  the  surface  and  built  into  numerous  stone 
walls,  the  smaller  ones  still  remaining  in  the  fields,  while 
the  largest  ones  constitute  prominent  landmarks.  It  is 
noted,  furthermore,  that  these  bowlders  lie  in  every  conceiv- 
able position  —  on  the  tops  of  the  highest  hills,  in  the  val- 
leys, and  on  the  hill  slopes.  They  may  rest  on  very  large 
bases,  or  be  nicely  balanced  on  some  small  facet,  apparently 
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PLATE   XXVIII. 


Fig.  I.     GLACIATED  PEBBLES- ANGULAR  STONES  SMOOTHED  AND  STRIATED 

FAIR  HAVEN. 


Fig.  2.     WATER-WORN  PEBBLES  -ROUNDED;  FAIR  HAVEN. 
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.  in  an  insecure  position.  Oftentimes  the  solid  rock  under- 
neath is  seen  to  be  polished  and  grooved,  and  very  fre- 
quently it  happens  that  this  rock  is  of  an  entirely  different 
character  from  that  which  constitutes  the  bowlder.  It  will 
be  readily  seen  that  such  a  bowlder  could  not  be  the  result 
of  weathering  of  the  ledge  in  place,  but  has  been  brought 
from  some  distance  and  deposited  in  its  present  position. 
These  bowlders  may  often  be  traced  back  to  their  original 
ledge,  and  thus  give  evidence  of  the  distance  of  transporta- 
tion and  the  direction  of  ice  movement.  Sandstone  bowl- 
ders from  central  Connecticut  occur  at  Montville ;  dolo-  . 
mite  bowlders  from  Canaan  are  found  in  Litchfield;  and 
bowlders  occur  at  New  Haven  which  have  traveled  from  the 
Bei^kshire  Hills.  They  are  far  too  heavy  to  have  been  car- 
ried by  wind,  and  their  weight  and  their  shapes  make  it  un- 
reasonable to  suppose  that  they  could  have  been  deposited 
by  water.  The  simplest  explanation  to  account  for  the 
character  and  distribution  of  bowlders  is  that  they  were 
imbedded  in  the  ice  in  the  interior  or  at  the  bottom  of  a 
glacier,  or  were  riding  on  top  of  the  ice  sheet;  and,  as  the 
ice  melted,  they  dropped  down  and  came  to  rest  wherever 
and  in  whatever  position  they  might  be  when  released  from 
the  ice.  These  larger  bowlders  have  often  received  local 
names,  and  have  long  excited  interest.  The  Judges'  Cave 
at  New  Haven  is  a  typical  specimen.  Though  now  broken, 
it  was  originally  doubtless  one  mass  weighing  about  1,000 
tons,  and  was  probably  transported  from  some  point  north 
of  Meriden. 

Till. —  When  a  glacier  retreats  in  a  mountain  valley,  it 
usually  leaves ^at  the  front  and  at  the  sides  masses  of  heaped- 
up  deposits  galled  moraines;  in  addition  to  these  it  also 
distributes  material  everywhere  along  the  bottom  of  the 
valley.  The  latter  material  comes  from  the  rock  torn  off 
from  the  glacier's  bed,  with  the  addition  of  fragments  from 
the  top  of  the  ice.  In  general  the  deposit  on  the  floor  of  the 
valley  is  hard  packed,  and  contains  pebbles  of  various  sizes 
and  in  all  sorts  of  positions,  with  the  clay  and  sand  made 
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from  finely  ground  matter  (see  Plate  XXIX,  Fig.  i).  All 
the  rock  debris  which  accumulates  underneath  the  ice  is 
called  the  ground  moraine.  In  the  case  of  the  continental 
ice  sheet,  part  of  which  occupied  New  England,  the  margin 
extended  through  Long  Island ;  and  the  great  mass  of  ma- 
terial reaching  from  Brooklyn  eastward  and  forming  the 
"  back-bone  "  of  the  island,  is  a  terminal  moraine,  indicating 
the  position  of  extreme  advance  of  this  gigantic  glacier. 
Throughout  the  state  of  Connecticut  the  ground  moraine 
was  deposited;  and,  because  of  its  method  of  deposition, 
the  material  composing  it  is  a  compacted  mass  of  unassorted 
and  unstratified  bowlders,  pebbles,  and  clay,  which  have 
been  pressed  down  by  the  great  weight  of  the  ice  above. 
This  deposit  is  the  till,  or  "  hard-pan,"  as  it  is  popularly 
called.  Its  bowlders  are  those  which  are  met  with  in  fields, 
and  which  are  uncovered  in  sinking  wells,  particularly  on  the 
higher  lands.  The  hard-pan,  or  till,  is  deposited  very  gen- 
erally over  the  state,  and  has  been  jammed  against  the  hills 
and  spread  over  the  highlands  in  such  a  way  as  to  reduce 
many  minor  inequalities  in  the  land  surface.  From  a  study 
of  the  well  sections  in  the  state  it  is  seen  that  the  till  varies 
in  thickness  from  a  few  inches  where  the  topography  was 
such  as  to  allow  even  distribution,  to  over  one  hundred 
feet  where  the  ice  has  crowded  its  ground  moraine  against 
some  valley  side. 

Drumlins. —  Over  an  even  land  surface  an  ice  sheet  of 
uniform  thickness  would  spread  the  till  fairly  regularly; 
but,  if  for  any  reason  the  amount  of  ice  is  decreased,  or  the 
original  topography  is  such  that  it  is  difficult  for  the  ice  to 
carry  all  the  material  in  the  ground  moraine,  it  may  pile  it 
up  in  heaps  and  override  it,  just  as  rivers  deposit  sand  bars 
along  their  beds  when  they  are  unable  to  carry  all  the  ma- 
terial furnished  by  their  tributaries.  These  mounds  of  till 
are  called  drumlins.  They  are  elliptical  hills,  elongated  in 
the  direction  of  the  ice  movement,  and  in  Connecticut  are 
generally  a  quarterof  a  mile  or  more  in  length, and  rise  forty 
to  one  hundred  feet  in  height  above  their  bases.  They  have 
remarkably  smooth  convex  outlines,  quite  unlike  the  ordi- 


Digitized  by  VjOOQIC 


PLATE    XXIX. 


Fig  I     TILL.  NEAR  YALE  FIELD,  NEW  HAVEN. 


Fig.  2.    STRATIFIED  DRIFT  NEAR  YALE  FIELD,  NEW  HAVEN. 

The  hat  in  the  picture  shows  size  of  pebbles. 

Photograph  by  Freeman  Ward. 
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nary  hummocky  deposits  of  a  moraine.  When  occurring  in 
groups  they  constitute  prominent  topographic  features, 
and  rise  above  the  general  surface  much  like  rock  ridges, 
but  with  the  characteristic  drumlin  form.  The  hills  about 
Pomfret  are  of  this  character,  as  are  also  those  within  the 
city  of  New  Britain ;  Buckwheat  Hill  in  Meriden  is  also  of 
this  type,  and  many  more  are  scattered  over  the  state.  Plate 
XXX  shows  a  typical  Connecticut  drumlin.  Rock  ridges 
and  sand  deposits  sometimes  imitate  the  forms  of  drumlins, 
but  close  examination  reveals  the  difference.  Drumlins 
have  no  bed  rock  exposed,  and  no  stratified  sands  or  gravels 
enter  into  their  composition.  They  are  entirely  of  till ;  and 
this  fact,  together  with  their  form,  serves  to  distinguish 
them  from  other  topographic  features. 

Composition  of  Till. —  The  composition  of  till  is  well 
shown  by  analyses  of  sixteen  samples  taken  from  drumlins 
by  Professor  Crosby.*  All  the  stones  over  two  inches  in  di- 
ameter, amounting  to  from  8  to  lo  per  cent,  of  the  whole 
bulk  (rarely  20  per  cent.),  were  taken  out.  The  finer  parts 
remaining  were  analyzed  mechanically,  and  found  to  have 
the  following  composition: — 


Gravel 


Sand 


Rock 
flour 


Clay 


(  Coarse 

J   Medium 
(   Fine 

i  Coarse 
Medium 
Fine 

r  Coarse 
J   Medium 
I    Fine 
l^  Superfine 

(   First  size 
■^    Second  size 
I    Third   size 


24.90 


19-51 


12.80^ 

24.14 
0.30  J 

0.86 1 

9.13  ^11.77 
1.78  J  — 


99-94 


^  Proceedings  of  Boston  Soc.  Natural  History^  voL  XXV,  p.  123. 
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[The  material  classed  as  clay  is  a  soft  impalpable  mass 
coming  from  the  mechanical  disintegration  of  argillaceous 
rocks  or  from  the  chemicaj  decomposition  of  other  rocks. 
Rock  flour  is  mechanically  formed,  and  is  mostly  fine 
quartz,  and  always  feels  gritty.] 

Stratified  Drift. —  The  stream  which  issues  from  the 
snout  of  a  glacier  is  always  heavily  laden  with  pulverized 
rock.  This  material  is  carried  for  some  distance,  and  is 
finally  deposited  where  the  stream,  because  of  decreased 
velocity,  is  no  longer  able  to  carry  the  load.  In  the  same 
way,  water  produced  by  the  melting  of  the  continental  ice 
sheet  has  deposited  material  over  all  of  the  lower  lands  in 
Connecticut.  It  will  be  readily  understood  that  deposits 
formed  in  this  manner  dififcr  in  no  important  particular 
from  those  made  by  ordinary  rivers  when  at  flood  stage; 
the  only  difference  being  that  rivers  are  supplied  by  the  rain- 
fall, and  the  materials  borne  along  come  from  rock  decom- 
posed by  the  action  of  the  atmosphere,  whereas,  in  the  case 
of  glacial  streams,  the  water  comes  from  the  melting  of  the 
ice,  and  the  material  carried  is  that  previously  ground  up  by 
the  ice  mass.  Because  the  ordinary  river  carries  material 
which  was  taken  from  the  surface  of  the  earth  and  which  had 
been  greatly  weathered  and  oxidized  where  exposed  to  the 
atmosphere,  the  muddiness  of  rivers  is  yellowish  in 
color ;  whereas  the  glacial  streams,  carrying  freshly  ground 
rock,  are  more  apt  to  present  a  milky  appearance.  Deposits 
made  by  glacial  waters  consist  of  ground-up  fragments  of 
whatever  rock  was  acted  upon  by  the  glacier,  and  accord- 
ingly show  great  variety  in  composition. 

The  variations  in  the  velocity  of  glacial  rivers  resulted 
in  the  deposit  of  materials  of  different  grades  of  fineness. 
When  streams  were  at  flood  stage,  pebbles  from  one  inch  to 
six  or  eight  inches  in  diameter,  or  even  larger,  could  be 
transported ;  in  more  quiet  water  only  the  finest  sediment 
could  be  borne  along.  Therefore  glacial  deposits  made  by 
water  are  everywhere  in  layers,  or  stratified;  materials  of 
diflFerent  sizes  or  different  specific  gravities  form  distinct 
beds.     For  this  reason  the  general  name  stratified  drift  is 
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given  to  this  class  of  deposits.  Such  water-laid  drift  may 
be  readily  distinguished  from  till  by  the  fact  that  it  is  sorted 
and  stratified,  and  does  not  contain  bowlders  of  large  size, 
whereas  till  is  an  unsorted,  jumbled  mass,  variable  in  tex- 
ture and  composition,  and  containing  fragments  of  all  sizes 
up  to  the  largest  known  bowlders.  The  contrast  between 
the  two  types  of  deposit  is  shown  in  Plate  XXIX. 

Sand  Plains. —  When  the  waters  from  the  melting  ice 
were  not  confined  to  definite  channels  or  valleys,  they 
spread  widely  over  the  country,  depositing  the  material  in 
the  form  of  a  plain.  Such  plains  may  have  been  above  sea 
level,  or  may  have  been  deltas  slightly  below  sea  level. 
The  streams  wandered  back  and  forth  on  these  plains,  vary- 
ing in  velocity  and  in  quantity,  but  with  the  result  that  the 
original  topography  was  completely  buried  in  a  fairly  even 
stretch  of  sands  and  gravels.  Such  a  sand  plain  exists  in 
the  region  about  Wallingford.  Where  bodies  of  quiet  water 
were  present,  and  streams  from  the  melting  ice  entered 
them,  the  coarse  material  would  be  dropped  near  the  shore, 
and  only  the  finest  particles  could  be  held  in  suspension 
long  enough  to  be  carried  far  out  and  deposited  on  the 
bottom  of  the  lake.  When  the  waters  drained  away,  such 
areas  would  form  clay  beds.  Deposits  of  this  nature  are 
believed  to  constitute  the  clays  of  Berlin,  North  Haven, 
Milldale,  and  other  localities  in  Connecticut.  Plains  formed 
by  glacial  streams  and  lakes  are  common  features,  and  may 
cover  but  a  few  acres,  or  may  extend  over  many  square 
miles,  as  the  plains  about  Plainville  and  Plainfield. 

Karnes. —  Near  the  edge  of  the  melting  ice  sheet,  just  in 
front  of  and  under  the  ice,  the  deposition  of  material  would 
be  extremely  irregular.  The  free  movement  of  the  water 
would  be  obstructed  by  morainal  material  and  by  the 
broken  masses  of  ice,  so  that,  instead  of  flowing  with  a 
regular  current,  it  would  gush  out  with  considerable  force 
in  certain  places,  while  it  would  be  ponded  back  at  other 
places.  Blocks  of  ice  would  remain  detached,  partly  sur- 
rounded with   sand  or  gravel,  and  considerable   material 
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would  be  deposited  by  the  water  underneath  the  ice.  The 
resulting  topographic  form  would  be  a  series  of  mounds 
and  short  interlocking  ridges  with  hollows,  the  depressions 
being  either  dry  or  filled  with  water.  Such  mounds  and 
ridges  are  called  kames,  and  indicate  a  temporary  halt  in  the 
retreat  of  the  ice-sheet.  These  kame  areas  are  generally 
confined  to  valley  districts,  or  to  the  sides  of  ridges  where 
the  water  emerged  from  the  ice.  In  the  Nepaug  Valley, 
west  of  CoUinsville,  kames  are  well  developed  (see  Plate 
XXXI,  Fig.  i) ;  also  west  of  Cheshire,  and  in  Glastonbury, 
Avon,  and  many  other  towns. 

Elskers. —  Streams  running  underneath  the  ice  for  any 
great  distance,  and  fed  by  the  melting  ice  itself  or  by  water 
dropping  down  through  the  crevasses  in  the  glacier,  would 
make  for  themselves  definite  subglacial  channels.  They 
would  meander  after  the  manner  of  an  ordinary  surface 
stream,  and  would  deepen  their  channels  or  deposit  ma- 
terial in  accordance  with  their  velocity  and  load  of  detritus. 
If  such  a  subglacial  stream  should  deposit  considerable  ma- 
terial on  its  valley  floor,  the  result  would  be  an  accumula- 
tion of  sand  and  gravel,  along  a  sinuous  line,  held  up  by  the 
ice  on  both  sides.  When  the  glacier  finally  melted,  the 
sand  and  gravel  which  had  been  deposited  would  be  left  as 
a  ridge,  marking  the  course  of  the  subglacial  stream. 
Ridges  of  stratified  drift  formed  in  this  manner  are  called 
eskers,  and  serve  to  determine  the  direction  of  subglacial 
drainage.  They  are  long,  winding  ridges  of  sand  and  gravel, 
rising  to  a  height  of  from  ten  to  thirty  feet  or  more,  and  are 
usually  sharp-crested,  and  often  as  regular  as  an  artificial 
embankment.  Eskers  would  naturally  not  form  under  the 
main  part  of  the  ice,  but  rather  toward  the  extremity  of  the 
ice  sheet;  and  the  establishment  of  such  definite  channels 
implies  the  maintenance  of  one  position  for  a  considerable 
period  of  time.  Eskers,  therefore,  like  kames,  mark  a  po- 
sition where  the  glacier  made  a  halt  in  its  retreat.  They 
are  well  developed  in  Connecticut,  in  Hartland,  in  Burling- 
ton, and  elsewhere.    Plate  XXXI,  Fig.  2,  shows  the  esker 
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FlO.  I.     KAMES,   NEPAUG  VALLEY. 


Fig  2.     ESKER,  EAST  HARTLAND. 
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at  East  Hartland.  It  has  a  length  of  about  a  mile,  and  rises 
above  the  general  level  about  thirty  feet.  A  common  feat- 
ure of  eskers  is  a  swamp  or  lake  on  one  side  or  both.  Com- 
pounce  Pond  owes  its  existence  to  an  esker  which  forms  a 
ridge  on  the  east  and  southeast.  These  long,  winding 
ridges  of  sand  and  gravel  are  not  confined  to  valley  regions, 
but  may  occtir  on  high  land,  and  they  cross  the  hills  and 
valleys  without  regard  to  the  present  topography,  in  a  man- 
ner that  would  be  impossible  for  any  surface  stream. 

While  it  is  believed  that  eskers  have  been  most  com- 
monly formed  by  subglacial  streams,  as  described  above,  it 
is  probable  that  some  eskers  owe  their  existence  to  streams 
flowing  on  top  of  the  ice  mass. 

Kettle-holes. —  The  front  of  a  melting  ice  sheet  would 
not  recede  uniformly,  but  would  present  a  great  complexity 
of  lobes  and  indentations,  large  and  small.  From  time  to 
time  blocks  of  ice  would  become  detached  from  the  main 
mass,  and  might  remain  grounded  or  be  floated  for  a  time  as 
icebergs.  Such  ice  blocks  might  be  entirely  or  partly  cov- 
ered with  drift  deposited  by  the  streams  from  the  melting 
ice.  The  block  might  remain  thus  partially  concealed  for  a 
considerable  time ;  but,  after  a  while,  it  would  melt,  and  the 
sand  and  gravel  slump  down  on  all  sides  to  occupy  its  place, 
forming  a  conical  depression.  Such  depressions  are  called 
kettle-holes,  and  occur  usually  on  sand  plains  formerly  cov- 
ered by  widespread  streams  at  flood  stage.  They  give  the 
plain  a  pitted  appearance.  The  New  Haven  sand  plain  is 
thus  marked,  particularly  about  Pine  Rock  and  Mill  Rock. 

Lakes. —  One  of  the  characteristic  features  of  Connecti- 
cut topography,  as  compared  with  that  of  the  states  farther 
south  and  west,  for  example,  Tennessee  or  Kentucky,  is  the 
gjeat  abundance  of  lakes,  swamps,  and  ponds.  The  Con- 
necticut Topographic  Atlas  shows  1,026  lakes  and  420 
swamps.*    There  are  of  course  many  others  too  small  to  be 


*  In  counting  these  lakes  the  larger  artificial  ponds  are  included.  Most  of 
these  were  orignnally  lakes  or  swamps,  and  the  dams  have  only  increased  the 
area  of  the  water  body.  The  number  of  basins  made  entirely  by  man  is  probably 
lAore  tb«Q  offset  by  the  number  of  *water  bodies  drained  since  tne  first  settlement 
of  Connecticut. 
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mapped.    These  lakes  owe  their  existence  chiefly  to  the  fact 
that  Connecticut  was  in  the  path  of  the  continental  glacier. 

Lakes  are  temporary  features  of  a  landscape,  and  can  ex- 
ist only  where  the  land  has  been  recently  raised  from  the 
sea  or  modified  by  some  widely  acting  agent.  Rivers  t^nd 
to  destroy  lakes  both  by  filling  in  at  the  upper  end  and  by 
cutting  down  the  outlet.  Furthermore,  vegetation  works 
into  lakes  from  all  sides,  converting  them  first  into  swamps, 
then  into  bogs,  which  finally  become  grassy  plains,  whose 
history  is  revealed  by  the  thick  deposits  of  peat  beneath  the 
surface.  It  is  only  because  the  surface  of  Connecticut  has 
been  lately  modified  that  such  an  abundance  of  water 
bodies  exists.  When  the  glacier  came  down  across 
New  England  from  the  north,  it  plowed  off  the  loose 
material  from  hill  and  valley  alike,  cutting  deeply  in 
some  places,  filling  up  other  places,  thus  changing 
extensively  the  details  of  the  preexisting  topography. 
When  the  glacier  retreated,  it  left  material  spread 
irregularly  over  the  entire  district.  Till  and  stratified  drift,  ' 
in  the  form  of  ground  moraine,  terminal  moraines,  kames, 
eskers,  and  sand  plains,  were  left  behind  in  such  a  manner 
as  completely  to  remodel  the  landscape.  Valleys  were 
filled,  elevations  of  different  types  were  made,  and  in  places 
rugged  land  forms  were  converted  into  plains  of  till  or  strati- 
fied drift.  Rain  falling  on  such  a  surface  did  not  find  stream 
channels  already  established  to  carry  it  to  the  sea,  but  found 
disconnected  depressions  of  various  shapes  and  sizes.  The 
hollows,  accordingly,  were  filled  with  water;  and  ponds 
and  lakes  must  abound  until  the  streams  can  be  reestab- 
lished and  a  system  of  ramifying  tributaries  developed  to 
drain  the  land.  Sufficient  time  has  elapsed  since  the  Glacial 
age  for  many  streams  to  be  reestablished  on  the  modified 
surface;  but,  while  numerous  lakes  and  ponds  have  been 
drained,  hundreds  of  them  still  remain  as  abnormal  parts 
of  drainage  systems. 

Most  of  the  lakes  of  Connecticut  occupy  depressions 
made  by  the  deposition  of  glacial  material,  but  some  lakes   . 
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are  contained  in  rock  basins,  and  owe  their  existence  to  the 
action  of  ice  in  eroding  the  rock.  For  example,  Lake 
Saltonstall  at  New  Haven  does  not  seem  to  be  due  to  the  ob- 
struction of  the  former  drainage  system,  but  to  have  been 
eroded  by  the  ice  from  shales  overlying  a  lava  flow.  It  is 
separated  from  the  waters  of  Long  Island  Sound  by  only  a 
few  feet;  it  has  an  extreme  depth  of  io8  feet,  its  bottom 
being  more  than  82  feet  below  the  level  of  the  sea,  whose 
tides  rise  and  fall  at  its  very  edge.  The  water  is  fresh,  and 
is  used  for  the  New  Havert  water  supply. 

Swamps. —  Lakes  and  swamps  are  to  be  considered  as 
members  of  one  family,  and  to  differ  only  in  age.  Origi- 
nally they  were  all  lakes  with  no  vegetation  surrounding 
them.  The  material  forming  their  shores  was  either  rock 
or  glacial  debris.  If  rock,  many  years  must  have  elapsed 
before  it  became  sufficiently  decomposed  to  form  soil ;  if  till 
or  stratified  drift  composed  the  lake  border,  the  material  was 
already  sufficiently  broken  up  to  give  access  to  roots.  In 
either  case  considerable  time  must  have  elapsed  after  the 
final  retreat  of  the  glacier  before  vegetation  to  any  extent 
took  possession  of  the  lake  shores.  The  first  plants  to  ap- 
pear were  lichens  and  mosses.  Certain  mosses,  particularly 
those  of  the  genus  Sphagnum^  have  a  habit  of  growing  out 
on  the  water  surface  and  forming  a  mat  of  intertwined  stems 
connected  with  the  shore.  At  this  stage  the  lake  is  an  open 
water  body  with  a  border  of  vegetation  floating  near  the  rim. 
Gradually  this  rim  of  moss  creeps  toward  the  center  of  the 
pond  until  finally  it  is  completely  closed  in  and  covered 
over  with  a  layer  of  vegetation.  The  lake  is  now  a  swamp ; 
and  such  a  swamp,  with  a  floating  layer  of  aquatic  plants,  is 
known  as  a  "  quaking  bog  " ;  it  is  possible  in  some  cases  to 
walk  across  the  old  lake  on  a  mat  of  vegetation  while  the 
water  remains  below.  These  mosses  have  a  habit  of  grow- 
ing at  the  top  while  the  old  stems  are  dying  below,  and  the 
rotted  fragments  drop  to  the  bottom  of  the  pond  and  help 
to  fill  it  up.  This  decayed  vegetable  matter  is  swamp  muck, 
and  may  accumulate  until  the  pond  is  completely  filled  and 
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becomes  a  bog  of  peat.  The  peat  remains  saturated  with 
wat^r  for  a  very  long  tinie,  and  usually  until  the  bog  is  arti- 
ficially drained.  Speaking  in  geological  terms,  these  peat  bogs 
are  the  beginnings  of  coal  beds.  As  soon  as. the  moss  and 
similar  species  have  made  some  headway  over  the  water 
surface,  many  other  forms  of  plants  come  in  to  take  posses- 
sion. Sedges,  grasses,  and  other  herbaceous  plants  crowd 
out  from  the  shore  line.  Alders,  willows,  white  cedars,  and 
other  water-loving  shrubs  follow.  The  work  of  vegetation 
is  greatly  aided  by  rain  and  running  water,  which  bring 
•down  material  from  the  higher  ground  and  deposit  it  along 
the  borders  of  growing  swamps.  When  drained,  these  peat 
bogs  may  be  converted  into  rich  agricultural  lands,  and 
they  contain  at  the  same  time  a  very  extensive  supply  of 
peat,  which  is  available  as  fuel. 

Thus  it  is  seen  that  there  is  every  gradation  between 
lakes  with  shores  of  rock  or  glacial  drift,  and  swamps  partly 
or  entirely  clogged  by  vegetation.  At  the  close  of  the 
Glacial  period  there  were  probably  4,000  lakes  within  the 
state  of  Connecticut,  which  owed  their  origin  to  the  ice  in- 
vasion; 1,026  remain  somewhat  as  originally  formed;  420 
are  much  choked  with  vegetation,  and  are  represented  on 
the  map  as  swamps  and  bogs.  The  other  2,500  have  been 
<lrained  by  the  natural  development  of  stream  tributaries,  or 
filled  with  debris  from  the  sides,  or  completely  conquered  by 
aquatic  plants.  They  now  exist  as  plains  of  small  extent 
and  form  choice  garden  spots. 

Modified  Drainage. — Before  the  advent  of  the  ice  sheet 
the  rivers  of  Connecticut  took  a  general  course  to  the  south 
and  southeast,  in  accordance  with  the  slope  of  the  plain 
produced  by  an  uplift  near  the  close  of  Cretaceous  time  (see 
page  29).  Some  of  these  streams  seem  to  have  been  con- 
trolled in  their  direction  by  the  structure  of  the  rocks 
underneath,  as  has  been  indicated  by  Professor  Hobbs.* 
The  presence  of  the  ice  sheet  altered  the  surface  of  Con- 
necticut to  such  an  extent  that  many  of  the  rivers  no  longer 


♦  TA^  River  System  of  Connecticut  {Journal  of  Geology  ^  vol.  IX,  p.  469). 
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run  in  their  original  channels,  but  have  taken  new  courses 
and  show  modifications  which  are  not  part  of  a  stream's 
normal  development. 

When  a  river  system  has  opportunity  to  develop  on  a 
land  surface,  unaffected  by  accidents,  the  tributaries  slope 
in  the  same  general  direction  as  the  main  stream,  and  enter 
the  main  stream  at  acute  angles.  They  do  not  normally 
run  parallel  with  the  main  stream,  nor  in  a  direction  op- 
posite to  that  of  the  main  stream.  Furthermore,  under 
normal  conditions,  the  tributaries  of  a  stream  have  the  same 
slope  as  the  main  stream,  or  a  steeper  slope,  and  meet  the 
main  stream  at  grade. 

If  we  look  at  a  map  of  Connecticut,  we  shall  find  that 
there  are  many  streams  which  do  not  have  these  normal 
-characteristics;  there  are  tributaries  running  up  streaih, 
so  to  speak,  and  tributaries  which  have  practically  no  slope, 
and  still  others  which  meet  the  main  stream,  not  at  g^ade, 
but  by  coming  over  a  waterfall.  Many  streams,  moreover, 
have  apparently  been  cut  in  two,  and  drain  in  opposite 
directions,  although  their  common  valley  continues  as  be- 
fore. Some  stream  valleys  have  lakes  along  their  course, 
which  again  is  an  abnormal  feature  in  stream  development. 
To  make  these  points  clear  it  may  be  well  to  describe  a 
particular  river  system  and  to  show  the  changes  which  have 
taken  place  because  of  the  presence  of  a  great  ice  sheet. 

The  Farmington  River. —  The  Farmington  River  (see 
Fig.  22)  rises  in  Massachusetts  to  the  north  of  Otis,  and 
flows  southeast  for  a  distance  of  about  thirty  miles  to  Farm- 
ington. It  there  turns  abruptly  north  to  Tariffville,  a 
distance  of  fourteen  miles ;  finally  bending  to  the  east  and 
southeast  to  enter  the  Connecticut  River  at  Windsor.  It 
receives  many  tributaries  from  the  north,  and  certain  large 
streams  from  the  south  and  west.  By  an  examination  of 
the  glacial  deposits  and  the  ancient  valleys  and  the  general 
structure  of  the  region,  we  find  that  the  Farmington  has 
been  very  greatly  modified,  and  that  the  course  that  it  now 
holds  is  entirely  abnormal.     In  pre-Glacial  time  this  river 
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flowed  from  the  vicinity  of  Congamuck  Ponds  directly  south 
through  Farmington,  Plainville,  Southington,  and  Cheshire, 
and  entered  the  Sound  at  New  Haven,  as  shown  in  Fig.  20.* 
The  main  tributaries  from  the  west  were  the  upper  Farming- 
ton,  which  came  down  from  Massachusetts  through  Cole- 
brook,  Barkhamsted,  and  New  Hartford,  and  the  Pequabuck, 
which  came  through  Bristol.  During  the  Glacial  epoch,  the 
entire  river  system  was  buried  beneath  the  ice.  As  the  ice 
sheet  retreated,  it  left  deposits  of  material  at  different  places 
along  the  Farmington  and  its  branches,  which  dammed 
the  stream,  and  formed  a  number  of  lakes,  interrupting 
the  continuity  of  the  river  system  (see  Fig.  21).  A  lake  was 
formed  at  Pine  Meadow ;  the  stream  below  that  point  was 
blocked,  and  found  a  new  course  for  itself  through  the  gorge 
at  Satan's  Kingdom.  The  pre-Glacial  Farmington  River 
was  dammed  at  Cheshire,  and  was  forced  to  give  up  its 
course  to  New  Haven.  It  turned  accordingly  to  the  east, 
and  carved  the  gorge  of  the  Quinnipiac  through  a  sandstone 
ridge  at  South  Meriden.  Another  dam  was  built  in  the 
region  of  Southington,  and  a  lake  was  formed  extending 
through  Plainville,  Farmington,  and  Avon.  The  lowest 
place  in  the  rim  of  this  lake  was  at  Tariffville,  and  the 
stream  was  forced  to  take  that  roundabout  way  to  the  Con- 
necticut River.  Mill  River  and  Quinnipiac  River  represent 
portions  of  the  pre-Glacial  Farmington,  and  the  North- 
ampton Division  of  the  New  York,  New  Haven,  &  Hartford 
Railroad,  which  is  built  along  the  line  of  an  old  canal,  runs 
for  a  large  part  of  its  course  along  the  channel  of  the  ancient 
river. 

In  the  vicinity  of  Winsted  the  arrangement  of  tributaries 
to  the  upper  Farmington,  in  Glacial  and  pre-Glacial  times, 
was  very  different  from  the  present.  Mohawk  Brook,  which 
is  now  a  small  stream  entering  the  Farmington  near  Pleas- 
ant Valley,  has  passed  through  several  stages.  At  one  time, 
previous  to  the  Glacial  period,  Mohawk  Brook  and  Mad 
River  at  Winsted  were  parts  of  the  same  stream,  and  drained 

*  For  a  discussion  of  probable  drainage  conditions  at  a  still  earlier  period 
see    page  aao. 
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a  considerable  area  from  Norfolk  eastward.  Later  the 
Naugatuck  River  worked  up  through  Winsted,  and  captured 
the  western  (upper)  part  of  this  stream,  so  that  Mad  River 
became  a  tributary  to  the  Naugatuck,  and  reached  the 
Sound  by  way  of  the  Housatonic.  The  advent  ef  the  ice 
sheet  modified  this  drainage  considerably ;  a  dam  was  built 
in  the  Naugatuck  Valley,  south  of  Burrville,  by  material 
left  by  the  glacier,  and  similar  deposits  in  East  Winsted 
served  to  close  up  the  channel  through  the  Mohawk  to  the 
east.  These  two  dams  formed  a  lake  which  extended  over 
the  present  site  of  Winsted,  from  Robertsville  to  Burrville, 
into  which  Mad  River  drained  from  the  west.  These  glacial 
dams  were  built  so  high  that  the  lowest  part  of  this  newly 
made  lake  basin  was  at  the  north,  and  the  lake  overflowed 
into  Sandy  Brook,  thence  into  the  Farmington,  near  River- 
ton.  The  stream  which  wanders  along  the  floor  of  the  ex- 
tinct lake  is  significantly  called  Still  River.  The  falls 'at 
Robertsville  date  from  the  time  of  the  ancient  lake,  and  have 
since  been  cutting  a  gorge  back  from  Sandy  Brook  toward 
Winsted.  The  changes  above  described,  subsequent  to  the 
capture  of  Mad  River  by  the  Naugatuck,  are  shown  in  Figs. 
21  and  22. 

Still  River  at  New  Milford  is  another  illustration  of  the 
modification  of  drainage  by  the  ice  sheet.  This  river  runs 
north  in  a  direction  opposite  to  that  of  the  Housatonic,  to 
which  it  is  a  tributary.  Many  similar  instances  within  the 
state  might  be  pointed  out. 

Waterfalls. —  If  a  river  system  is  allowed  to  develop 
normally,  unhindered  by  accidents,  it  continually  cuts  its 
channel  deeper,  until  its  profile  from  source  to  mouth  is  re- 
duced to  a  smooth  and  gentle  curve,  concave  upward,  called 
a  profile  of  equilibrium.  That  curve,  at  its  lower  extremity, 
coincides  with  the  sea  level,  which  is  the  general  base- 
level  to  which  rivers  are  working.  Its  tributaries  likewise 
cut  their  profiles  to  profiles  of  equilibrium,  the  base-level  of 
each  tributary  being  the  level  of  the  main  stream  at  the 
mouth  of  the  tributary.     When  that  condition  is  reached. 
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the  entire  river  system  is  said  to  be  graded,  and  rapids  and 
waterfalls  are  practically  unknown.  When,  however,  a  dam 
is  formed  in  a  stream,  either  artificially  or  by  a  glacier, 
waterfalls  may  be  produced,  which,  as  they  are  cut  back, 
may  be  converted  into  rapids.  The  same  thing  happens 
when  a  valley  is  filled  and  the  stream  is  forced  to  make  a 
new  way  for  itself  across  the  country,  until  it  drops  again 
into  its  former  channel  or  into  the  valley  of  another  stream. 
Waterfalls  are  common  in  Connecticut,  and  practically  all 
of  them  are  due  to  the  fact  that  the  pre-Glacial  drainage 
system  has  been  greatly  modified,  and  the  course  of  rivers 
changed  by  the  deposits  from  the  ice  sheet. 

ECONOMIC  RELATIONS  OF  GLACIAL  DEPOSITS. 

Soils. —  Connecticut  soils  are  practically  all  glacial.  The 
material  composing  them  has  been  carried  for  some  distance 
from  the  north,  usually  but  eight  or  ten  miles  from  its 
source,  but  some  of  the  material  has  come  from  Massachu- 
setts, from  Vermont,  or  even  farther  north.  It  is  therefore 
transported  soil,  in  contrast  with  the  local  soils  in  the  south- 
ern states,  which  come  from  the  decomposition  of  rock  in 
place.  Because  of  its  origin  the  soil  contains  fragments  of 
rock  of  all  sorts  —  igneous,  sedimentary,  and  metamorphic — 
and  of  all  shapes  and  sizes.  A  great  variety  of  soil  is  there- 
fore  found  within  a  limited  area,  and  adjoining  fields  may 
differ  markedly  in  their  agricultural  value  because  of  dif- 
ferent soil  constituents  and  textures. 

Rocks  thinly  covered  by  till,  and  areas  where  coarse  till 
predominates,  are  occupied  by  forests.  Either  they  have 
never  been  cultivated  or  they  have  been  abandoned.  Where 
the  bowlders  are  not  too  numerous,  such  areas  are  suitable 
for  pasture  and  hay  lands;  but  the  soils  are  cold,  retain 
water  too  long,  and  are  apt  to  form  bogs.  The  finer  till,  es- 
pecially when  the  bowlders  have  been  picked  off,  makes 
good  agricultural  land.  Mechanical  analyses  of  such  soils 
by  the  United  States  Bureau  of  Soils  are  given  in  the  fol- 
lowing table,  the  large  bowlders  having  been  removed  in 
each  case : — 
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Diameter  in 

Conventional 

Millimeters. 

Names. 

Bloomfleld. 

Enfield. 

Hazardyille 

2             to 

I 

Gravel 

2 

12.45 

5.26 

I          to 

0.5 

Coarse  sand 

3.3s 

11.86 

8.66 

0.5      to 

.25 

Medium  sand 

8.60 

13.98 

18.83 

.25    to 

.1 

Fine  sand 

3125 

14.78 

21.00 

.1       to 

.05 

Very  fine  sand 

34.22 

17.51 

18.83 

.05    to 

.01 

Silt 

435 

8.20 

8.70 

.01     to 

.005 

Fine  silt 

6.20 

8.67 

5-30 

.005  to 

.0001 

Clay 

6.57 

10.23 

10.87 

Loss  at 

iio«^  C. 

1.36 

1.04 

1. 01 

Loss  on 

ignition 

2.03 

1.69 

1.77 

99.93      100.41      100.23 

Stratified  drift  is  more  readily  cultivated  than  till,  and  is 
the  soil  used  largely  for  tobacco  and  field  crops  in  general. 
This  assorted  glacial  material  forms  a  soil  which  usually 
lacks  richness,  but  is  warm,  easily  tilled,  holds  much  water, 
and  is  readily  occupied  by  roots.  Stratified  drift  is  relatively 
fine  in  texture,  as  will  be  seen  by  the  following  analysis  of 
soil  from  various  places  along  the  Connecticut  River : — 


Diameter  in 

Conyentional 

Bast  Long 

'-    Bum- 

South 

Bum- 

MUlimeters. 

Names. 

Windsor. 

meadow. 

ride. 

Windsor. 

ham. 

2             to    I 

Gravel 

2.20 

0.00 

2.23 

Trace 

4.1 1 

I         to  0.5 

Coarse  sand  7.5 1 

•31 

7-73 

6.84 

11.83 

0.5      to    .25 

Medium 

33.50 

2.84 

25-25 

42.86 

29.20 

.25     to       .1 

Fine 

32.05 

63.10 

29.00 

3300 

2445 

.1       to     .05 

Very  fine 

13.50 

2915 

25.40 

773 

12.72 

.05     to     .01 

Silt 

4.47 

115 

345 

2.63 

348 

.01    to    .005 

Fine  silt 

1.75 

.96 

2.10 

1.70 

3.28 

.005  to     .0001 

Clay 

2.78 

1.42 

3-22 

350 

5.20 

Loss  at 

110°  C. 

.80 

•50 

•77 

•75 

2.9s 

Loss  on 

ignition 

1.30 

.90 

1.27 

1-54 

2.81 

99.86  100.33  100.42  100.55  100.03 

Clays. —  The  clays  of  central  Connecticut  are  of  glacial 
origin,  and  occur  as  parts  of  the  till  and  as  strata  on  the 


Digitized  by  VjOOQIC 


No.  6.]  THE  GEOLOGY  OF  CONNECTICUT.  257 

floor  of  abandoned  glacial  lakes.  The  lake  clays  are  by  far 
the  easiest  to  work,  and  are  the  only  ones  used.  They  oc- 
cur in  broad  basin-like  valleys  along  the  Connecticut  River 
and  its  tributaries,  and  are  very  similar  in  structure  and 
composition.  The  clays  are  worked  at  Hartford,  Windsor, 
South  Windsor,  Berlin,  Middletown,  Milldale,  and  North 
Haven.  The  Hartford  clay  forms  the  largest  deposit,  and 
extends  up  the  Connecticut  River  into  Massachusetts,  with 
a  width  of  from  three  to  five  miles.  The  thickness  of  the 
deposit  varies  considerably.  At  Parkville  and  West  Hart- 
ford the  depth  varies  from  sixty  to  one  hundred  feet;  at 
Windsor  it  is  only  from  eighteen  to  forty  feet.  The  north- 
ern part  of  the  deposit  is  interrupted  by  rock  ridges  and 
drumlins,  but  clay  over  twenty  feet  deep  extends  as  far  as 
Thompsonville.  The  Berlin-Middletown  deposit  occupies 
a  narrow,  flat  area  along  the  Sebethe  River,  and  averages 
thirty  feet  in  thickness.  The  color  of  the  clay  is  always 
reddish  brown,  thus  differing  entirely  from  the  bluish  gray 
clay  of  the  Hartford  region.  Chemically  the  clays  are  very 
impure,  only  one-third  or  less  being  kaolin.  The  remainder 
is  composed  partly  of  fine  quartz  grains,  with  some  feldspar, 
and  numerous  flakes  of  mica.  The  percentage  of  iron  is  suf- 
ficient to  secure  a  deep  red  color  to  thoroughly  burned  clay. 
The  clays  of  Connecticut  are  used  almost  exclusively  for 
the  making  of  common  brick.  The  yards  are  clustered  at 
several  points  from  Thompsonville  to  North  Haven.  A  re- 
port on  the  clay  beds  and  their  economic  importance  has 
been  prepared  by  G.  F.  Loughlin.* 

Water  Supply. — ^The  fact  that  the  entire  state  of  Con- 
necticut has  been  overridden  by  the  ice  has  greatly  affected 
its  water  supply.  The  numerous  lakes  and  swamps  and 
many  of  the  small  streams  owe  their  position  and  their  very 
existence  to  the  continental  ice  sheet.  Of  special  economic 
value  are  the  hundreds  of  lakes  which  constitute  the  princi- 
pal water  supply  of  cities  and  villages.  Furthermore,  the 
fact  that  the  soil  of  Connecticut  is  of  glacial  origin  de- 


*This  report  is  published  ss  Balletln  No.  4  of  this  Survey. 
17 
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termines  its  character  as  a  reservoir  for  gp-ound  water.  Wells 
sunk  in  the  till  are  usually  shallow,  rarely  over  fifty  feet  in 
depth  ;^  and  it  is  the  practice  to  dig  them  but  a  few  feet  be- 
low the  first  prominent  water  horizon.  Seventeen  wells 
have  been  reported  as  being  less  than  ten  feet  in  depth,  and 
yet  they  contained  an  abundant  supply  of  water.  In  general 
the  wells  of  till  areas  contain  soft  water,  which  varies  in 
amount  with  the  seasons.  During  an  unusually  dry  sum- 
mer, wells  in  the  till  in  some  sections  of  the  state  completely 
fail.  The  ^rings  of  the  till-covered  portion  of  the  state  for 
the  most  part  aflFord  soft  water;  and,  like  the  wells,  show 
their  connection  with  the  rainfall  by  their  variation  from 
year  to  year,  and  from  season  to  season.  Except  in  extraor- 
dinary seasons,  however,  the  variation  is  slight,  because 
in  general  the  Connecticut  rainfall  is  evenly  distributed 
throughout  the  year.* 

The  stratified  drift  occupies  a  large  part  of  the  Central 
Lowlands  of  Connecticut,  and  also  the  valleys  in  the  crystal- 
lines. It  varies  in  depth  from  a  few  inches  to  over  five 
hundred  feet,  and  because  of  its  prevailingly  loose  texture 
it  forms  a  water  reservoir  of  great  capacity.  Along  sand 
plains,  and  in  general  throughout  the  Triassic  area  of 
Connecticut,  water  maintains  a  permanent  level  twenty  to 
thirty  feet  below  the  surface ;  and  the  practice  is  to  sink  the 
wells  some  feet  below  this  horizon,  so  that  a  reserve  supply 
is  always  on  hand.  Where  large  quantities  of  water  are  re- 
quired for  manufacturing,  swimming-pools,  etc.,  several 
wells  are  sunk  in  close  proximity,  and  connected  with  a 
single  pump.  Yale  University  uses  twenty-four  such  wells 
to  supply  water  for  the  gymnasium.  Wells  in  stratified 
drift  for  the  most  part  furnish  an  inexhaustible  supply  of 
pure  water.  Springs  in  the  stratified  drift  are  numerous, 
and  vary  in  size  according  to  the  thickness  and  position  of 
the  sandy  and  clayey  layers.    Many  are  merely  places  where 

*The  rain*fall  at  New  Hayen  it —  Spring,  xi.  13  inches. 

Summer,  ti.63      ** 

Autumn,  ti.ao      " 

Winter,  10.93     " 

ToUl,  44-89     " 
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the  ground  is  wet  from  seepage ;  others  furnish  a  sufficient 
supply  for  the  farmhouse;  and  a  few,  like  the  Pequabuck 
Spring,  near  Bristol,  afford  water  enough  to  form  a  brook.    . 

Road  Materials. —  The  best  Macadam  roads  are  made 
from  the  crushed  rock  quarried  in  the  lava  beds  of  the  Trias- 
sic  area  of  Connecticut ;  but  good  and  much  less  expensive 
roads  are  made  from  glacial  materials.  The  gravels  and 
coarse  sands  of  the  stratified  drift  are  spread  so  widely  over 
the  state  that  in  general  there  is  an  abundant  supply  of  these 
materials  for  road  dressing.  Till  itself  is  not  suitable  for 
road-metal ;  but  the  bowlders  which  it  contains  furnish  an 
abundant  supply  of  ♦suitable  rock,  and  are  conveniently 
located  for  crushing. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


INDEX 


Acadian  Triassic  area,  162,  216. 
Acrogens,  Triassic,   170. 
Actinolite,  61,  113,  131. 
Agassiz,  L.  J.  R.,  233,  234. 
Age  of  strata,  how  determined, 

179. 

Agriculture,  eflFect  of  Glacial 
period  upon,  37,  255. 

Alabama,  absence  of  lakes  in, 
225. 

Albite,  in  mica  schist,  64. 

Allanite,  154. 

Alpine  glaciers,  former  exten- 
sion of,  234. 

Amblygonite,  73. 

Ammosaurus  major,  174. 

Amphibia,  Triassic,  172. 

Amphibole,  relation  of,  to  schis- 
tosity,  54. 

Amphibolite,  98,  100,  108,  ill, 
112,  124,  125,  126,  128,  130, 
14T,  143,  14s,  146,  155. 

Amygdaloid,  185. 

in  contemporaneous  sheets, 
188. 

Anchisauripus  dananus,  175,  176. 

Anchisaurus    colurus,    173,    174, 

175. 
Andalusite,  59. 
Andesine  in  trap,  183. 
Andover,  140. 
Andrews  Hill,  96. 
Anhydrite,  185. 
Anisichnus  gracilis,  177. 
Anisopus  gracilis,  177. 
Anoplophora,  171. 
Anorthite  in  trap,  183. 
Anterior  trap  sheet.  186. 
Anthophyllite,  113. 
Anthophyllitic  formation,  143. 
Anticlinorium,  217. 
Apatite,  7Z,  92,  94,  "O,  117,  I43, 

144,  146,  147,  183. 
Aplite,  105,  134. 
Appalachian  Mountains,  24,  79. 
Appleton,  Nathan,  232. 
Arnold's  Station,  125. 


Ash-bed,  Meriden,  192. 
Ashford,  126,  127,  140. 
Ashwillet,  133. 

Asphaltum,  in  amygdaloid,  185. 
Atmosphere,    geological    action 

of,  226. 
Augen-gneiss,  109,  117,  119. 
Augite,    alteration   of   to    horn- 
blende, 58. 
in  trap,  183. 
Autunite,  73. 

Avon,  17,  105,  186,  192,  246,  253. 
Baileyville,  195. 
Bakersville,  112,  113. 
Bantam  Lake,  62,  8JS. 
Barack  M'Teth,  93. 
Barboursville  Triassic  area,  162, 

163. 
Barite  veins  in  Triassic,  196. 
Barkhamsted,  75»  9^,  97,  "3,  253, 

254. 
Barnes  Hill,  133. 
Barrack  Mountain,  86. 
Basalt,  184. 
Bathyliths,  136,  154. 
Batrachopus  gracilis,  177. 
Bay  Mountain,  mi. 
Bear  Hill,  143. 
Bear  Mountain,  74,  91. 
Beacon  Falls,  96. 
Beacon  Hill,  96. 
Becket,  Massachusetts,  93. 
Becket  gneiss,  86,  92,  93. 
Becket  granite,  68. 
Bedbug  granite,  154. 
Berkshire   schist,  86,  91,  98,   m, 

114. 
Berlin,  212,  245,  257. 
Beryl,  73,  95,  m. 
Beseck  Mountain,  31. 
Bethany,  17,  96,  loi. 
Bethel,  108. 
Bethlehem,  97,  in. 
Biotite,  derived  from  feldspar  in 

metamorphism,  58. 
Birds,      probably     wanting     in 

Triassic  fauna,  25,  i;^. 
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Birmingham,  io8. 

Bismutite,  7^- 

Bituminous  shale,  165. 

Black  Hall,  152. 

Bogs,  history  of,  249. 

Bolton,  45,  75,  120,  121,  122,  123. 

Bolton  Notch,  45,  120,  122. 

Bolton  schist,  54.  59*  114.  120. 

Bornitc,  196. 

Bowlders,  225,  229,  240. 

Box  Mountain,  75. 

Bozrah,  129,  141. 

Branchiopods,    Triassic,    171. 

Bfanchville,  72. 

Branford,  17,  146,  147,  148,  156. 

Bran  ford  granite-gneiss,  114,  146. 

Bridgewater,  97. 

Brimfield  schist,  49,  114,  126,  141. 

Bristol,  17,  55»  104,  196,  215,  216, 

259. 
Bristol  granite,  68. 
Bristol  granite-gneiss,  104. 
British  Islands,  glaciation  of,  234. 
Brontozoum  sillimanium,  175,  176. 
Brook.     See  names  of  particular 

brooks. 
Brookfield,  88,  107. 
Brookfield  diorite,  107. 
Brooklyn,  142. 
Buckwheat  Hill,  243. 
Burlington,  17,  96,  246. 
Burrville,  254. 
Calamites,  171. 
Calcite,  in  amygdaloid,  185. 

in  metamorphic  rocks,  58. 
Cambrian  era,  geography  of,  77. 
Canaan,  58,  61,  86,  87,  88,  89,  90, 

91. 
Canaanite,  90. 
Candlewood   mountain,    109. 
Canterbury,  142. 
Canterbury    granite-g^neiss,    115, 

136,  142. 
Canton,  17,  96,  105,  106,  112,  246. 
Carbon    dioxide,   climatic   effect 

of,  34. 
Carmel,  Mount,  186,  194. 
Central  Lowland,  17. 

drainage  of,  219. 

rocks  of,  20,  157. 
Chabazite,  7^. 
Chalcocite,  196. 
Chalcopyrite,  104,  ill,  142. 
Chamberlin,  T.  C,  34. 
Chaplin,  127. 

Chatham,  29,  7^,  75,  120,  121,  123, 
140,  145- 


Chauncy  Peak,  208. 

Cheshire,   17,   102,  186,   190,   192, 

194,  196,  211,  246,  253. 
Cheshire  quartzite,  87. 
Chester,  150,  151. 
Chestnut  Slountain,  120. 
Chlorite,   97,   99,    102,    104,    105, 
106,  107,  120. 

derived     from     feldspar     in 
metamorphism,  58. 

in  amygdaloid,  185. 
Chlorite  schist,  Milford,  100. 
Chondrodite,  90. 
Chrysoberyl,  7^. 
Chrysolite,  183. 
Chrysotile,  113. 
Clay  beds,  245,  257. 
Cleavage,  52. 
Clinochlore,  90. 
Clinton,  147,  150. 
Coal,  Triassic,  165. 
Coast  Range  of  California,  50. 
Cobalt,  62,  120,  121. 
Cobalt     Mountain.    See     Great 

Hill. 
Colchester,  140,  141,  142. 
Colebrook,  88,  93,  254. 
Collins  Hill,  119. 
Collinsville,  105,  106,  112,  246/ 
Collinsville  granite,  68. 
Collinsville  granite-gneiss,  105. 
Columbite,  73. 
Columnar,  structure,   185. 
Commerce,     effect     of     Glacial 

period  on,  38. 
Compounce  Pond,  247. 
Congamuck  Ponds,  253. 
Conglomerate,  Triassic,  164. 
Conifers,  Triassic,  171. 
Connecticut,  directions  of  glacial 
striae  in,  239. 

drainage  of.  abnormal,  251. 

geography  ojf,  in  Mesozoic,  24. 

number  of  lakes  in,  226,  247. 

physical   geography  of,   15. 

rainfall  in,  258. 

water  supply  of,  257. 
Connecticut    geology,    problems 

of,  6. 
Connecticut  River,  18,  30,  35. 

lower  course  of,  consequent 
on     post-Triassic     uplift, 
220. 
Connecticut  valley,   17,   18. 

formed    as    a    geosyncline, 
198. 

supposed  to  be  a  graben,  215. 
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Connecticut  Valley  Triassic  area, 
162,  216. 

Contact    metamorphism,  46. 
affords   criterion    to   distin- 
guish      contemporaneous 
and    intrusive    sheets    of 
igneous  rock,  190. 

Contemporaneous  sheets  of  ig- 
neous rock,  188. 

Cookeite,  73. 

Cook's  Gap,  220. 

Copper,  native,  196. 

Copper  ores,  104,  196. 

Cornwall,  87,  88,  91,  93,  95,  "3- 

Cotton  rock,  113. 

Coventry,  140,  141. 

Cream  Hill,  62,  86,  95. 

Cretaceous,  may  have  existed 
formerly  in  Connecticut, 
219. 

Crocodilians,    Triassic,    172,    174, 

177. 

Cromwell,  191. 

Crosby,  W.  O.,  243. 

Crossopterygians,  Triassic,  172. 

Crustacea,  Triassic,  171. 

Crystalline  area,  geological  his- 
tory of,  76. 
topography  of,  74- 

Crystalline  rocks,  39. 
age  of,  uncertain,  TJ, 
study  of,  difficult,  6,  42. 

Cyanite,  59»  65,  97,  98,  99- 

Cycads,  Tpassic,  171. 

Damourite,  73. 

Dan  River  Triassic  area,  162, 
163,  216. 

Dana,  E.  S.,  59- 

Dana,  J.  D.,  84,  100,  102,  159,  167, 

217,  234. 
Danbury,  88,  108. 
Danbury       granodiorite-gfneiss, 

104,  108. 
Danville  Triassic  area,  162,  163, 

216. 
Dark  Hollow,  120. 
Darton,  N.  H.,  161,  193. 
Datolite,  185. 
Dawson,  Sir  J.  W.,  233. 
Dawson  Lake,  100. 
Davis,  W.  M.,  36,  160,  165,  167, 

186,  193,  194,  198,  204,  211, 

214,  216,  219. 
Daytonville,  95. 
Deep  River,  151. 
Deep    River    Triassic    area,    162, 

163,  216. 


Deerfield,  Massachusetts,  187. 
Delaware,  absence  of  lakes  in, 

225. 
Denudation,  amount  of,  in  New 

England,  49. 
Derby,  60,  70,  loi,  102,  108,  113, 
Devonian  era,  geography  of,  78^ 
Diabase,  i8d. 

dikes  of,  in  crystallines,  74, 

113,  155. 
dikes  of,  in  Triassic,  185. 
intrusive  sheets  of,  186,  192, 
193. 
Diamond  Lake,  122. 
Dickinsonite,  'j^. 
Diluvium,  232. 
Dinosaurs,  Triassic,  25,   172,   174, 

175. 
Diopside,  58,  90,  91. 
Diorite,  Brookfield,  107. 
Dobson,  Peter,  233. 
Dolomite,   58,  61,  89,     See  also 

Limestone. 
Drag  dips,  203. 

Drainage,  abnormal,  in  Connec- 
ticut, 251. 

modified  by  Glacial  period, 
36,  250. 

normal,  characters  of,  251, 
Drainage  of  Triassic  area,  219. 
Drift,  33. 

stratified,  34,  244. 

stratified,  analyses  of,  256. 
Drumlins,  33,  242. 
Durham,  17,  172,  213. 
Dynamic  theory  of  structure  of 

Triassic,  216. 
East  Berlin,  212. 
East  Glastonbury,  70,  117,  119. 
East  Granby,  196. 
East  Haddam,  140,  141,  142,  150. 
East  Hartland,  88,  247. 
East  Haven,  17,  146,  163,  186,  192, 

195. 
East  Killingly,    134. 
East  Lyme,  148,  149,  150. 
East  Rock,  44,  192. 
East  Winsted,  254. 
Eastern  Highland,  17. 

geological     formations     of, 

114. 
Eastford,  127,  128,  140. 
Eastford  granite-gneiss,  115,  127. 
Eastman,  C.  R.,  162,  172. 
Eclogite  schist,  98. 
Economic     effects     of     Glacial 

period,  37,  255. 
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Edgewood,  196,  215. 

Ellington,  17. 

Emerson,  B.  K.,  98,  114,  116,  126, 
129,  160,  164,  167,  170,  174. 
192,  211. 

Emmons,  Ebenezer,  172. 

Enfield,  257. 

Eons,  geologic,  22. 

Eosphorite,  73. 

Epidote,  59,  7i,  106,  no,  112,  116, 
117,  118. 
derived     from     feldspar     or 
hornblende      in      metamor- 
phism,  58. 

Equiseta,  Triassic,  171. 

Erosion,  amount  of,  in  New 
England,  49. 

Erosion  by  rivers,  26. 

Eskers,  246. 

Essex,  150,  151. 

Evolution,  approximately  paral- 
lel in  different  areas,  180. 

Fair  Haven,  46,  163. 

Fairfield,  108,  113. 

Fairfieldite,  73- 

Falls  Village,  87,  90. 

Farmington,  17,  107,  251,  253. 

Farmington  River,  17. 
history  of,  220,  251. 

Farmington-Quinnipiac     Valley, 

17. 
Farmville  Triassic  area,  162. 
Fault,  definition  of,  57. 
Fault  breccia,  203. 
Fault  cliffs,  no  longer  present  in 

Connecticut,  205. 
Faults,  abnormal  dips  produced 

by,  203. 
at  margin   of  Triassic,   164, 

213. 
dependence       of       railroad 

routes  upon,  209. 
direction  of,  in  Connecticut 

valley,  2IX. 
dynamic  theory  of,  216. 
effect    of,    on    estimates    of 

thickness  of  strata,  201. 
evidence  of,  202. 
generally  have  upthrow  on 

east    in    Connecticut,   211, 

218. 
generally    have    upthrow    on 

west  in  New  Jersey,  218. 
in  crystalline   rocks,  26,  56, 

210. 
in  Triassic,  26,  200. 


Faults,     minor,     associated     with 
principal   faults,  211. 
more    obvious  .  in    Triassic 
than    in    crystallines,    57, 
210. 
I       most         definitely         located 
where   they   cut   the   trap 
sheets,  210. 
relation  of,  to  geanticlines, 

217. 
relation    of,    to    monoclinal 

flexures,  203. 
topographic  effect  of,  31,  205. 
Feldspar,  alteration  of,  to  quartz 
and  mica,  57,  63. 
in  metamorphic  rocks,  57. 
relation  of,  to  schistosity,  54. 
Ferns,  Triassic,  171. 
Fibrolite.    See  Sillimanite. 
Fillowite,  7^. 
Fishes,  Triassic,  172. 
Fissility,  55. 
Flagstone,  62. 
Flowage,  zone  of,  48. 
Fluorite,  7^. 
Foliation,  52. 

strike  of,  in  Connecticut,  54. 
Folly  works  Brook,  131. 
Fontaine,  W.  M.,  162. 
Footprints^  Triassic,  174. 
Ford,  W.  E.,  85,  147- 
Fordham  gneiss,  86,  94. 
Fofest,   Highland   areas  largely 

covered  by,  18. 
Forestville,  216. 

Fossils,    as    criterion    of    age    of 
strata,  179. 
obliterated        by        metamor- 

phism,  45- 

Triassic,   170. 

Fracture,  zone  of,  47. 

Franklin,  129,  141,  142. 

Gabbro-diorite,  Preston,  74,  115, 

153. 

Gahnite,  73. 

Ganoids,  Triassic,  172. 

Garnet,  59»  61,  65,  7Z.  92,  94»  97, 
98,  99,  loi,  102,  103,  104, 
106,  107,  108,  III,  120,  121, 
122,  126,  141,  143,  144,  145, 
146,  149,  150.  , 

Gaylord's  Mountain,  192.- 

Gaylordsville,  88. 

Geanticlinal     uplift,     cause     of 
monoclinal    structures    in 
Triassic  areas,  217. 
post-Triassic,  217. 
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Geanticlinal  uplift,  Tertiary,  219. 
Giant  conglomerate,  164. 
Giant  granite,  7^. 

Glacial  deposits,  economic  rela- 
tions of,  255. 
Glacial  geology,  223. 
Glacial  period,  32,  223. 

cause  of,  34. 

economic  effects  of,  37,  255. 

history  of  opinions  regard- 
ing, 230. 
Glaciation,  238. 
Glacier,     continental.       Set     Ice 

sheet. 
Glaciers,  erosion  by,  236. 

geological  action  of,  234. 

transportation  by,  237. 
Glasgo,  138,  139. 
Glastonbury,   17,  70,  72,  Tz^  115, 
116,  117,  122,  145,  214,  246. 
Glastonbury  granite,  68. 
Glastonbury  granite-gneiss,  114, 

115. 
Gneiss,    65.      See    also    Granite- 
gneiss,  Granodiorite-gneiss. 
Becket,  86,  92,  93. 
Fordham,  86,  94. 
Hebron,    115,    121,    122,    140, 

142. 
hornblende.  68. 
igneous     and     sedimentary, 

how  distinguished,  68. 
Mamacoke,   114,   150. 
mica,  67. 

Middletown,  115,   143. 
mosaic,  102. 
of  igneous  origin,  66. 
of  sedimentary  origin,  66. 
porphyritic,  59,  102. 
Prospect  porphyritic,  59, 102. 
Putnam,    114,    129,    133,    134, 

136,  140. 
supposed  formerly  to  be  al- 
ways   sedimentary,   67. 
Waterbury,  86,  100. 
Wilbraham,  116. 
Willimantic,    115,    140,    141, 
142. 
Gneiss  and  schist,  gradation  be- 
tween, 66. 
Goshen,  91,  93,  109. 
Graben,  215. 

Granby,  17,  96,  97,  186,  192. 
Granite,    83.      See    also    Granite- 
gneiss. 
Becket,  68. 
bedbug,  154. 


Granite,  Bristol,  68. 

Collinsville,  68. 

Glastonbury,  68. 

graphic,  in. 

Millstone  Point,  152,  IS4- 

Monson,  68. 

supposed   metamorphic  ori- 
gin of,  67. 

Waterford,  152,  154. 

weathering  of,  227. 

Westerly.  115,  136,  152,  154- 
Granite  areas  in  Connecticut,  70. 

small  size  of,  83. 
Granite-gneiss,  67^  83. 

Branford,  ill  146. 

Bristol,  104. 

Canterbury,  115,  136,  142. 

Collinsville,  105. 

Eastford,  115,  127.      ' 

Glastonbury,  ii4i  ii5- 

Haddam,  115,  I43»  US- 

Lyme,  115,  148,  152. 

M  aromas,  115,  ii9»  143- 

Monson,  114,  124. 

New  London,  115,  I49.  152. 

Sterling,   115.   129.   I3i,   ^3^* 
133.  134.  137,  152,  154,  155. 

Stony  Creek,  115,  I47,  152. 

Thomaston,  109. 
Granodiorite,  in. 
Granodiorite-gneiss,  I>anbury,  104, 

108. 
Granulite,  in  Maromas  granite- 
gneiss,  144. 
Graphic  granite,  in. 
Graphite,  97,   120,  124,  126,  127, 

131. 
Great    Basin,    faulted    structure 

of,  compared  with  that  of 

Connecticut,  218. 
Great  Hill,  29,  62,  75.  120,  121, 

123. 
Greenwich,   108,    109. 
Gregory,  H.  E.,  85,  161,  163,  170/ 

184,  216. 
Griswold,  132,  I33»  i35.  138,  I39» 

^53.        ^       , 
Griswold.  L.  S.,  160,  214. 
Groton,  136,  150,  151.  I54- 
Ground  moraine,  242. 
Guilford,  17,  120.  147,  150. 
Gymnosperms,  Triassic,  171. 
Gypsum  in  amygdaloid,  185. 
Haddam,  73.  125.  I45.  146. 
Haddam  granite-gneiss,  Ii5»  143. 

145. 
Haddam  Neck,  73,  125. 
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Hamden,  196. 

Hampton,  128,  129,  142. 

Hanging  Hills,  20,  31,  199,  211 

Hann,  Julius,  34. 

Haplite.    See  Aplitc. 

Harbors,  37. 

Hard-pan,  242. 

Hartford,  18,  34,  189,  216,  257. 

Hartland,  88,  93,  94,  q6,  246. 

Hartland  schist,  59»  8^  SM»  95»  96, 

100,  II4>  124. 
Hawleyville,  97,  107. 
Haycock  Point,  146,  147. 
Hazardvillc,  116. 
Hebron,  140.    ^ 
Hebron  gneiss,  115,  121,  122,  140, 

1/12. 

Hebronite,  73. 

Higby  Mountain,  31,  208,  211. 

Higganum,  145,  i^S. 

Highland    and    Lowland    rocks, 

contact  of,  22,  81. 
Highland  Park,  214. 
Highland   rocks,   destruction   of 

fossils  in,  23,  45. 
Highlands,  rocks  of,  21,  39. 
Hill.      See    names    of    particular 

hills. 
Hitchcock,    Edward,     160,     161, 

174,  233. 
Hoadley  Point,  148. 
Hobbs,  W.  H.,  7.  56,  84.  86,  88, 

no.  III,  112,  160,  169,  213, 

215.  250. 
Holyokc,   Mount,   185,   187,   191, 

192.  194,  195,  199. 
Hoosac  Mountain,  96. 
Hoosac  schist,  54,  86,  94,  95,  96, 

100,  114. 
Hornblende,  derived  from  altera- 
tion of  dolomite,  58. 
in   metamorphic   rocks,  58. 
Hornblende  gneiss,  68. 

from      alteration      of      lime- 
stone, 61. 
"'--"blende  schist,  65. 

om  alteration  of  limestone, 

61. 

jlendite,  112.  « 

Mount,  105. 

!  Hill,  150. 

itonic  River,  88,  89. 

tonic  valley,  23,  31. 

yr,  E.  O.,  160. 

)n  schist,  86,  91,  98. 

ngton,  102. 

ngton  Hill,  96. 


Hureaulite,  73. 

Hydromica  schist,  102. 

Hypersthene,  in. 

Hypersthenite,  112. 

Ice  and  water,  geological  action 

of,  contrasted,  236. 
Ice  sheet  of  Glacial  period,  area 

of,  230. 
work  of,  in  Connecticut,  238. 
Icebergs,    supposed    agency    of, 

in  relation  to  drift,  233. 
Iceland,  fissure  eruptions  in|^i94. 
Igneous  and  sedimentary  gneisses 

and    schists,    how    distin- 
guished, 68. 
Igneous  intrusions  in  metamor- 
phic rock,  55,  67,  69. 
Ig^neous  rocks,  43. 
Indian  Mountain,  91. 
Indian  Neck,  147. 
Infiltration  in  metamorphic  rock, 

55,  69.      .     • 
Insects,  Triassic,  172. 
Intrusive  sheets  of  igneous  rock, 

187.  ^ 

Intrusive  traps,  age  of,  193. 
Invertebrates,     marine,     afford 

best    criterion    of   age   of 

strata,  181. 
Triassic,  171. 
lolite,  73. 
Iron,  native,  183. 
Iron  ores,  89,  127. 
Jason's  teeth,  90. 
Job's  Pond,  122. 
Joints,  56. 
Jordan  Village,  I49- 
Judges'  Cave.  241. 
Jura-Trias,  182. 
Kames,  245. 

Kansas,  absence  of  lakes  in,  225. 
Kaolinite,  54,  63,  257. 
Kemp,  J.  P.,  139,  154. 
Kent,  86,  91. 
Kentucky,  absence  of  lakes  in, 

225. 
Keratophyre,  195. 
Kerr,  W.  C,  169. 
Kettle-holes,  37.  247. 
Keuper,  182. 
Killingly,   132,  134- 
Killinite,  73. 
Kiimmel,    H.    B.,    160,    161,    164, 

169,  193.  219,  222. 
Labradiorite,  100. 
Labradorite,    in    chlorite    schist, 

100. 


Digitized  by 


Google 


No.  6.] 


THE  GEOLOGY  OF  CONNECTICUT. 


267 


Labradorite,  in  norite,  iii. 
in  trap,  183. 

Lake.  See  names  of  particular 
lakes: 

Lake  Superior  region,  analogous 
in  geological  structure 
with    Connecticut    valley, 

197. 
Lakes,  abundance  of,  in  north- 
eastern United  States,  225, 
229. 
contained    in    rock    basins, 

249. 
conversion  of,  into  swamps, 

248. 
destruction  of,  by  rivers,  37, 

248. 
geologically     short-lived,     37, 

248. 
number  of,  filled  or  drained 

in  Connecticut,  250. 
number    of,    in    Connecticut, 

226,  247. 
relation  of,  to  Glacial  period, 
Z7,  248. 
Lambert  Mountain,  153. 
Lamentation  Mountain,  31,  208, 

211. 
Lamination,  oblique,  166. 
Lantern   Hill,  75»   "^ZZ^  I34f   136, 

137,  139,  155. 
Lantern  Hill  quartz  rock,  136. 
Lebanon,  140. 

Ledyard,  134,  135,  150,  151,  153- 
Leesville,  155. 
Lepidolite^  yy 
Lepidosteoids,  Triassic,  172. 
Lewis,  J.  v.,  197,  198. 
Lherzolite,  112. 
Lighthouse  Point,  146,  147. 
Lignite,  166. 

Limestone,   alteration   of,   to  am- 
phibolite,  112. 
alteration  of,  to  hornblende 

schist  and  gneiss,  61. 
in  Bolton  schist,  122. 
in  Brimfield  schist,  127. 
in  Orange  ohyllite,  loi. 
in  Putnam  gneiss,  129,  131. 
Stockbridge,  61,  86,  87,  93- 
Triassic,  166. 
Limonite,  127. 

Litchfield,  97,  108,  iii,  112,  241. 
Litchfield  noritc,  74,  iti. 
Lithiophilite,  73. 
Long  Hill.  88,  137,  138.  139. 


Long  Island,  backbone  of,  242. 
Long  Island  Sound,  37. 
Loper,  S.  W.,  160,  165. 
Loughlin,  G.  F.,  7,  85,  130,  132, 

257. 
Lull,  R.  S.,  161,  17s,  177. 
Lyme,  148,  149,  150,  151. 
Lyme    granite-gneiss,    115,    148, 

152. 
Mad  River,  253. 
Magnetism  of  trap  rock,  183. 
Magnetite,   73,   92,   94,   95,    106, 

107,  III,  120,  121,  13s,  143, 

144,  147,  183. 
Main  sheet  of  trap,  186. 
Malachite,  196. 
Maltby  Lakes,  100. 
Mamacoke  gneiss,  114,  150. 
Mamacoke  Island,  152. 
Mammals,  Triassic,  178. 
Manchester,  17,  156,  163,  172,  214. 
Mansfield,  127,  140. 
Manufactures,   eflfect  of  Glacial 

period  upon,  38. 
Marble,  61. 

Potomac,    165. 
Stockbridge,  87. 
Marbledale,  88. 
Marine    fossils,    most    valuable 

for  determination  of  age 

of  strata,  180. 
Marlboro,  140. 
Maromas,  70,  144. 
Maromas     granite-gneiss,     115, 

143. 
Marsh,  O.  C,  174. 
Maryland,  absence  of  lakes  in, 

225. 
Triassic  in,  163. 
Massachusetts,  Triassic  in,  160, 

162. 
Meanders  of  river,  28. 
Megadactylus  polyzelus,   174. 
Meriden,    20,   31,    184,    191,    192, 

203,    221,    229,    238,    243, 

253. 
Meshomasick   Mountain,   123. 
Metamorphic  rocks,  44. 
minerals  in,  57. 
structure  of,  51. 
Metamorphism,  44. 

affords  criterion  for  distin- 
guishing     contemporane- 
ous  and    intrusive   sheets 
of  igneous  rock,  190. 
contact,  46. 
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Mica,  origin  of,  in  metamorphic 

rocks,  54. 
relation    of,    to   schistosity^ 

54.  . 
Mica  aiorite,  112. 
Mica  gneiss,  67. 
Mica  schist,  64. 
Microlite,  73. 
Middle  Haddam,  145. 
Middlebury,  100. 
Middlefield,   195. 
Middletown,    17,    18,   25,  30,  34, 

70,    73,    75»    120,    124,    143, 

I44»  i55i  162,  212,  257. 
Middletown  gneiss,  115,  143. 
Mil  ford,  45,  86,  100. 
Milford  chlorite  schist,  100. 
Mill  River,  221,  253. 
Mill  Rock,  186. 
Milldale,  245,  257. 
Millstone     Point     granite,     152, 

IK4. 
Mifie  Hill,  no. 
Minerals,  in  metamorphic  rocks, 

57. 
in  pegmatite,  73. 

Mohawk  Brook,  253. 

Mollusks,  Triassic,  171. 

Monazite,  7^. 

Monoclinal  flexures,  203. 

Monoclinal   structure    in   Trias- 
sic areas,  216. 

Monotrcmes,    179. 

Monroe,   108. 

Monson,  Massachusetts,   124. 

Monson  granite,  68. 

Monson  granite-gneiss,  114,  124. 

Montville,  134,   150,  151,  241. 

Moodus,  140,  141. 

Moosup,  130. 

Moraine,  ground,  242. 

Mormolucoides  articulatus,   172. 

Morris,  62,  86,  87,  108. 

Mosaic  gneiss,  102. 

Mount  or  mountain.    5"^^  names 
of  particular  mountains. 

Mountains,    degradation    of,   24. 

Muck,  249. 

Mud-cracks,  167. 

Muscovite,    derived    from    feld- 
spar    in     metamorphism, 

57. 
Mystic,  154. 
Natrophilite,  73. 
Naugatuck,  96,  100. 
Naugatuck   River,  254. 
Nepaug  valley,  246. 


New  Britain,  220,  243 

New     Brunswick,    Triassic     in, 

162. 
New  Canaan,  109. 
New     England,    geography    of, 
18. 
peneplain  of  southern,  28. 
Tertiary  uplift  of,  29,  219. 
New  Fairfield    108. 
New  Hartford,  75,  94,  95,  96,  97» 

253. 
New  Haven,   17,   18,  25,  44,   163, 
185,  186,  189,  192,  196,  216, 

241 »  247. 

New  Jersey,  structure  of  Trias- 
sic in,  complementary  to 
that  in  Connecticut,  218. 
traps  of,  193. 
Triassic  in,  161,  163. 

New  London,  149. 

New      London      granite-gneiss, 
115,  149,  152. 

New  Milford,  58,  73,  88,  93,  107. 

New  Preston.  88,  90. 

New  York- Virginia  Triassic  area, 
162,  216. 

Newark  formation,  182. 

Newberry,  J.  S.,  i6i,  162,  169. 

Newtown,  97,  107. 

Niantic,  Rhode  Island,  154. 

Nickel  ore,  in. 

Noachian       deluge,       supposed 
cause    of    the    drift,    231. 

233. 
Norfolk,  91,  Q3,  113. 
Norite,  Litchfield,  74,  in. 
North  Branford,   17. 
North  Canaan,  86,  87,  88. 
North  Carolina,  Triassic  in,  163. 
North  Haven,  43,  185,  245. 
North   Stonington,  75,   130,   131, 

132,   133,  13s,  136,   137.   I3«. 

139.  150.  153. 
North  Woodstock,   128. 
Northford,  43. 
Norwalk,  93. 
Norwich,   129,   136. 
Nova  Scotia,  Triassic  in,  162. 
Oblique  lamination,  166. 
Old  Lyme,  148,  150,  152. 
Old  Saybrook,  17,  25,  150. 
Olivine,  in  trap,  183. 
Oneco,  136. 
Orange,  Connecticut,  17,  86,  100. 

loi,    113. 
Orange,  New  Jersey,  185. 
Orange  phyllite,   loi. 
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Ordovician    era,    geography    of, 

78. 

Orogenic    movements,    date    of, 
in    eastern    North    Amer- 
ica, 23,  78. 
post-Carboniferous,  79. 

Ostracoids,  Triassic,   171. 

Otozoum  moodii,  175,  176. 

Otter,  Peaks  of,  229. 

Oxford,  96. 

Palaeoniscoids,  Triassic,  172. 

Parkville,  257. 

Pautipaug  Hill,  142. 

Peat  bogs,  250. 

Pebbles,  glacial,  240. 

Pegmatite,  71,  no,  155. 

aqueo-igneous  origin  of,  72. 
minerals  in,  73,  • 

topography  of,  75. 

Pendleton  Hill,  133,  134. 

Peneplain     of     southern     New 
England,  28. 

Peneplains,  28. 

Pennsylvania,  Triassic  in,  163. 

Pequabuck  River,  221,  253. 

Pequabuck  Spring,  259. 

Percival,  J.  G.,  85,  143.  151,  156, 
159,  167,  170,  186,  232. 

Peridotite,  112. 

Perry,  J.  H.,  114,  129. 

Phenocrysts,  59. 

Phlogopite,  90. 

Phyllite,  63. 

Orange,  loi. 
Pomfret,   114,  129. 
Worcester,  114,  129. 

Physical  geography  of  Connec- 
ticut, 15. 

Pine  Meadow,  253. 

Pine  Orchard,  146,  147. 

Pine  Rock,  186. 

Plainfield,  62,  130,  132,  133,  245. 

Plainfield  quartz  schist,  114,  132. 

Plainville,  220,  245,  253. 

Pleasant  Valley,  113,  253. 

Plymouth,  75,  96,  in. 

Pomfret,  63,  128,  129,  142,  243. 

Pomfret  phyllite,  114,  129. 

Pomperaug  valley,  170  ,213.- 
a  graben,  215. 

Pomperaug   valley    Triassic   area, 
162. 

Pond.    See   names   of  particular 
ponds. 

Porphyritic    gneiss,    Prospect,    59, 
loi,  102. 

Porphyritic  texture,  59. 


Portland,  17,  29,  73,  75,  115.  116, 

120,  122,  123,  163. 
Posterior  sheet  of  trap,  186. 
Potomac  formation,  182. 
Potomac  marble,  165. 
Poughquag    quartzite,    86,     108, 

.    114. 
Pratt,  J.  H.,  184. 
Predentata,  Triassic,  177. 
Prehnite,   185. 
Prenti<re  Mountain,  133. 
Preston,  130,  131,  1^3. 
Preston  gabbro-diorite,  74,   115. 

153. 
Profile  of  equilibrium,  27. 
Prospect,  17,  96,  102. 
Prospect,  Mount,  in. 
Prospect  porphyritic  gneiss,  59, 

loi,  102. 
Pseudo-conglomerate,  130,  140. 
Pteridoph)rtcs,  Triassic,   170. 
Putnam,  130. 
Putnam  gneiss,  114,  129,  133,  134, 

136,  140. 
Pyrite,  61,  63,  90,   102,  120,   121, 

127,  141,  148,  185. 
Pyroxene,   58,   90,   91,    in,    113, 

127,  141,  183. 
Pyroxene  schist,  98. 
Pyroxenite,  112. 
Pyrrhotite,  in. 
Quaking  bogs,  249. 
Quartz,  derived  from  feldspar  in 

metamorphism,  57. 
in  amygdaloid,  185. 
in  metamorphic  rocks,  57. 
resistance     of,      to      erosion, 

75. 
Quartz  rock,  Lantern  Hill,  136. 
Quartz  schist,  62. 

Plainfield,  114,  132. 

Woodstock,  128. 
Quartzite,  61. 

Cheshire,  87. 

in  Bolton  schist,  123. 

in  Putnam  gneiss,  130. 

Poughquag,  86,   108,  n4. 
Quaternary,  changes  of  drainage 
in,  36,  250. 

changes  of  level  in,  34. 
Quinnebaug  whetstones,  129. 
Quinnipiac  River,  17,  221,  253. 
Rabbit  Rock,  185. 
Railroads,    relation   of,   to   geo- 
logical structure.  76,  209. 

routes    of,    determined    by 
faults,  209. 
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Raindrops,  impressions  of,   167. 
Rainfall  in  Connecticut,  258. 
Rattlesnake  Hill,  86. 
Red  rocks,  not  marine,  166. 
Red  sandstone,  coloring  matter 

of,  163. 
Redding,  72,  73,  88. 
Reddingite,  73. 
Reptiles,  Triassic,  172. 
Rhodochrosite,  'JZ- 
Rhytidodon  carolinensis,   T72. 
Rice,  W.  N.,  160. 
Richmond  Triassic  area,  162,  163, 

170,  182,  2X6. 
Ridgefield,  88. 
Ripple-marks,  166. 
River.    See  names  of  particular 

rivers. 
River  erosion,  dynamics  of,  36. 
Riverton,  254. 
Rixtown  Mountain,  153. 
Roads,  material  for,  259. 
Roaring  Brook,  Cheshire,  190. 

South  Glastonbury,  117. 

Southington,  22,  81,  181. 
Robertsville,  88,  254. 
Robinson,  H.  H.,  7,  85,  148. 
Rock  flour,  244. 
Rocks,  crystalline,  39. 

igneous,  43. 

metamorphic,  44,  51. 

sedimentary,  43. 
Rockville,  116. 
Rocky  Hill,  199. 
Rocky  Neck,  149. 
Rogers  Lake,  149. 
Rotten  rock,  228. 
Roxbury,  97,  no. 
Russell,  I.  C,  159,  161,  163,  169. 
Rutile,  107,  120. 
Rutiodon   carolinensis,    172. 
Saint   Lawrence   valley,   marine 

sediments  in,  35. 
Salem,  136,  150,  151. 
Salisbury,  74,  88,  89,  91,  93- 
Saltonstall,  Lake,  249. 
Saltonstall    Mountain,    191,    192, 

199,  213. 
Samarskite,  73. 
Sand  plains,  245. 
Sandstone,  Triassic,  163. 

weathering  of,  226,  227. 
Sandstones  of  Connecticut  Val- 
ley, age  of,  179- 
Sandy  Brook,  254. 
Satan's  Kingdom,  75,  96,  97,  98, 
253. 


Saxonite,  112. 
Saybrook,  17,  25,  151. 
Saybrook  Junction,  150. 
Schist,  52,  63. 

Berkshire,   86,   91,   98,    iii, 
114. 

Bolton,  54,  59,  114,  120. 

Brimfield,  49,  114,  126,   141. 

chlorite,  100. 

Hartland,  54,  59,  86,  94,  95. 
96,  100,  114,  124. 

Hoosac.    See  Hartland  schist. 

hornblende,  65. 

Hudson,  86,  91,  98. 

mica,  64. 

Milford  chlorite,  lOO. 

Plainfield  quartz,  114,  132. 

quartz,  62. 

ridges  formed  by,  75. 

Scotland,  114,  132,  141. 

Woodstock  quartz,  114,  128. 
Schist  and  gneiss,  gradation  be- 
tween, 66. 
Schistosity,  52. 

origin  pf,  53. 
Schists,  igneous  and  sediment- 
ary, how  distinguished,  68. 
Schlieren,  117,  118,  119,  136,  144- 
Scotland,  J41,  142. 
Scotland  schist,  114,  132,  141. 
Scottsville     Triassic     area,     162, 

163. 
Sebethe  River,  257. 
Sedimentary      and      igneous 
gneisses  and  schists,  how 
distinguished,  68. 
Sedimentary  rocks,  43. 
Selden  Neck,  151. 
Serpentine,  59,  100,  113,  183. 
Seymour,  96. 
Shale,  bituminous,  165. 

distinguished    from    slate,   52. 

Triassic,  164,  165. 
Shaler,  N.  S.,  161,  169. 
Sharon,  86,  87,  93. 
Sharon  Mountain,  62. 
Shelton,  102. 
Silex  Mine,  138. 
Silliman,  Benjamin,  159,  231,  232. 

Benjamin,  Jr.,  215. 
Sillimanite,  59,  65,  92,  120,   126. 

142. 
Simsbury,  220,  251,  253. 
Slate,  52,  63. 
Slickensides,  57,  203. 
Soapstone,   112. 
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Soil    of    Connecticut,    226,    228, 

237,  255. 
analyses  of,  256. 
Soil  of  New  England,  does  not 

show  gradation  into  rock, 

33,  228. 
Somers,  17,  115,  116. 
Sourland  Mountain,  193. 
South  Carolina,  Triassic  in,  163. 
South  Glastonbury,  72,  117,  145. 
South  Kent,  86. 
South  Lyme,  149. 
South  Meriden,  253. 
South  Mountain,  238. 
South  Norfolk,  113. 
South  Windsor,  257. 
Southbury,  97,  162. 
Southington,  17,  22,  43,  81,  102, 

181,  24s.  253,  257. 
Sphagnum,  249. 
Sphalerite,  73. 
Sphene.    See  Titanite. 
Spodumene,  73. 
Sprague,  142. 
Springs,  258. 

Stafford,  115,  120,  126,  127,  156. 
Staffordville,  127. 
Staurolite,  59,  65,  73,  92,  97»  98, 

108,  120,  121,  122. 
Stegocephala,  Triassic,  172. 
Stegomus  arcuatus,  174. 
Stegomus  longipes,  174. 
Step  faults,  211. 
Sterling,  136. 
Sterling  granite-gneiss,  115,  129, 

131,  132,  I33»  134.  137,  152, 

154,  155. 
Still  River,  254- 
Stockbridge,   Massachusetts,  87. 
Stockbridge    limestone,    61,    86, 

87,  93. 
Stonington,  150,  154. 
Stony  Creek  granite-gneiss,  115, 

147,  152. 
Stratford,  100,  loi,  102. 
Striae,  glacial,  238. 
Suffield,  186. 
Sulphur  rock,  127,  141. 
Superposition,    as    criterion    of 

age  of  strata,  179. 
Swamps,  produced  by  filling  of 

lakes,  248,  249. 
Swantown  Hill,  131,  138. 
Talc,  90,  1 13. 

Talcott   Mountain,  44,  211. 
Tariff ville,  220,  251,  253. 


Taylorsville    Triassic    area,    162, 

163. 
Tennessee,  absence  of  lakes  in, 

225. 
Terraces,  35. 

sometimes    formed   as    deltas 

beside  tongues  of  ice,  38. 
Terrestrial    fossils,    inferior    to 

marine,  as  criteria  of  age 

of  strata,  180. 
Tertiary  uplift  of  southern  New 

England,  29,  219. 
Theropoda,  Triassic,   174,   I77- 
Thickness   of  strata,   how   esti- 
mated, 200. 
Thomaston,  109. 
Thomaston  granite-gneiss,  109. 
Thompson,  62,  132. 
Thompsonville,  257.. 
Till,  33,  241. 

analyses  of,  243,  256. 
Titanite,  92,  94,  102,  106,  116,  131, 

I43»  144. 

Tolland,  58,  62,  122. 

Topographic  effect  of  faults, 
205. 

Topographic  effect  of  trap  sheets, 
32,  186,  195- 

Topographic  features  of  north- 
eastern United  States,  225. 

Topography  of  Connecticut, 
origin  of,  30. 

Topography  of  crystalline  area, 

74. 
Torbernite,  73- 
Torrington,  95,  100,  113,  254. 
Totoket  Mountain,  191,  I99»  213. 
Tourmaline,  73f  92,  95.  I05.  i"- 
Tracks,  Triassic,  I74- 
Trap    conglomerate,    overlying 
contemporaneous     sheets, 
190. 
Trap  rocks  of  Triassic,  22,  183. 
age  of,  193. 
analysis  of,  184. 
columnar  structure  of,  185. 
magnetism  of,  183. 
mineral  constitution  of,  183. 
modes  of  occurrence  of,  185. 
sheets  of,  186. 

topographic    effect    of,    32, 
186,  195. 
Tremolite,  58,  61,  90,  91,  92,  113, 
131,. 143. 
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Triassic,    area!    distribution    of. 
162. 
historical  sketch  of  work  in, 

159. 
Triassic  area,  drainage  of»  219. 
Triassic  formation,  157. 
anticlines  in,  199. 
conditions  of  deposition  of,  24, 

166. 
deformation  of,  198. 
deposited  in  shallow  water,  25, 

166. 
depth  of  wells  in,  216. 
dynamic  theory  of  structure 

of,  216. 
estuarine  origin  of,  166. 
faults  in,  26,  200. 
fossils  of,  170. 
kinds  of  rocks  in,  163. 
monoclinal  structure  of,  199, 

216. 
original  area  of,  167. 
paucity  of  marine  fossils  in, 

171. 
problems  of,  6. 
synclines  in,  199. 
thickness  of,  215. 
uncomfortable    contact    of, 
with    crystallines,    22,    81, 
181. 
veins  in,  196. 
Triassic  rocks,  origin  of,  164. 
Triplite,  73. 
Triploidite,  T^. 

Tufaceous    deposits,    associated 
with   contemporaneous  trap 
sheets,   191. 
Turnip  Rock,  93. 
Turtles,  Triassic,  177. 
Union,  126,  127,  156. 
Unionidae,  Triassic,  171. 
Unionville,  107. 
Uraninite,  73. 
Van  Hise,  C.  R.,  45,  .50,  .72. 
Veins     in     Triassic     formation, 

196. 
Vernon,  17,  115,  214. 
Virginia,  Triassic  in,  163. 
Vivianite,  ^2^- 
Volcanoes,  former  existence  of, 

in  Connecticut,  194. 
Voluntown,  133. 
Vugs,  138. 
Wadesboro     Triassic     area,     162, 

216. 
Walkley  Hill,  146. 
Wallingford,  194,  211,  245. 


Warren,  91,  93. 
Warren,  C.  H.,  85. 
Washington,  88,  90,  93,  97. 
Washington,  Mount-  91. 
Watawanchu  Mountain,  93. 
Watchung  Mountains,  193. 
Water,    action    of,    in    metamor- 

phism,  ^z. 
Water  and  ice,  geological  action 

of,  contrasted,  236. 
Water    supply    of    Connecticut, 

257. 
Waterbury,  100,  109. 
Waterbury  gneiss,  86,  100. 
Waterfalls,  relation  of,  to  Glacial 

period,  36,  254. 
Waterford,  44,   149,   150,   152. 
Water  ford  granite,  152,  154. 
Weathering,  226. 
Wells,  258. 

in  Triassic,  216. 
West  Cornwall,  113. 
West  Granby,  97. 
West  Hartford.  257. 
West  Hartland,  94. 
West  Haven,  100. 
West  Peak,  20,  229. 
West  Redding,  88. 
West  River,  147. 
West  Rock,   192.  * 

West  Stafford,  120,  123,  156. 
West  Virginia,  absence  of  lakes 

in,  225. 
Westerly,     Rhode     Island,     136. 

^     152,  154. 
Westerly    granite,    115,    136,    152, 

154. 
Western  Highland,  17. 

geological  formations  of,  86. 
Westfield,  19T,  212. 
Westgate,  L.   G.,  7,  85,   IT5.   tt6, 

117,  118,  119.  122,  123,  143- 
Westminster,  142. 
Weston,  108,  109. 
Westport,  T08,  109. 
Wethersfield,  18,  199. 
Whetstone,  63,  123,  129. 
Whigville,  196,  215. 
White  Rocks,  75,  124,  155. 
Whitney,  J.  D.,  215. 
Whittle,  C.  L.,  t6o. 
Wilbraham  gneiss,  116. 
Willimantic,  140. 
Willimantic  gneiss,  115,  T40,  141, 

142. 
Willim?ntic  River,  124. 
Willington,  126. 
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Wilton,  108,  no. 
Winchester,  88,  91,  93,  253. 
Windham,  140. 
Windsor,  18,  257. 
Winsted,  88,  91,  253. 
Wolcott,  96,  98. 
Wolff,  J.  R,  98. 
Woodbridge,  17,  100,  loi,  113. 
Woodbury,  162. 
Woodmont,  loi. 
Woodstock,  62,  126,  127,  T28. 
Woodstock    quartz    schist,    114, 
128. 


Woodward,  A.  S.,  172. 

Wood  worth,  J.  B.,  161. 

Worcester  phyllite,  114,  129. 

Wyassup  Lake,  133. 

Zeolites,  185. 

Zircon,    94,    102,    104,    106,    no, 

147. 
Zittel,  K.  A.  von,  172. 
Zoisite,  106. 
Zone  of  flowage,  48. 
Zone  of  fracture,  47. 
Zone   of   fracture    and    flowage. 

49. 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


CATALOGUE    SLIPS. 


Connecticut.    State  geological  and  natural  history  sui^vey. 

Bulletin  no.  7.  Preliminary  geological  map  of  Con- 
necticut. By  H.  E.  Gregory  and  H.  H.  Kobinson.  Hart- 
ford, 1907. 

39  pp..  2  maps  (i  in  pocket).  23«". 


Gregory f  Herbert  Ernest ^    and   Robinson^    Henry 
Holli^ter. 

Preliminary  geological  map  of  Connecticut.  By 
Herbert  Ernest  Gregory  and  Henry  Hollister  Robinson. 
Hartford,  1907. 

39  pp.,  2  maps  (i  in  pocket),  2y^. 

(Bulletin  no.  7,     Connecticut  geological  and  natural  history  survey.) 


Digitized  by  VjOOQIC 


CATALOGUE  SLIPS. 


Robinson^  Henry  HoUister,  and  Gregory,  Herbert 
Ernest. 

Preliminary  geological  map  of  Connecticut.  By 
Herbert  Ernest  Gregory  and  Henry  HoUister  Robinson. 
Hartford,  1907. 

39  pp.,  2  maps  (i  in  pocket),  23^". 
(Bulletin  no.  7,     Connecticut  geological  and  natural  history  survey.) 


Geology. 

Gregory,  H.  E.,  and  Robinson,  H.  H.      Preliminary 
geological  map  of  Connecticut.     Hartford,  1907. 

39  pp.,  2  maps  (i  in  pocket),  23«'». 

(Bulletin  no.  7,     Connecticut  geological  and  natural  history  survey.) 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


^iale  of  ©onneclicui 

PUBLIC   DOCUMENT   No.  47 


State    Geological  and   Natural 
History  Survey 


COMMISSIONERS 

ROLLIN  S.  Woodruff,  Governor  of  Connecticut  {Ckai'rman) 
Arthur  Twining  Hadley,  President  of  Yale  University 
Bradford  Paul  Raymo:«d,  President  of  Wesleyan  University 
Plavel  Sweeten  Luther,  President  of  Trinity  College  {Secretary) 
RUFUS  Whittaker  STiMiOX,  President  of  Connecticut  Agricultursl  College 

SUPERINTENDENT 
William  North  Rice 


Bulletin  No.  7 


Hartford  Press 
The  Case,  Lockwood  &  Brainard  Company 

1907 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


PRELIMINARY  GEOLOGICAL  MAP 

OP 

CONNECTICUT 


By 

HERBERT  ERNEST  GREGORY,  Ph.D., 

Professor  of  Geology  In  Yale  University 

AND 

HENRY  HOLLISTER  ROBINSON,  C.E.,  Ph.D., 

[Instnictor  In  Geology  In  Yale  University 


Hartford  Press 

The  Case,  Lock  wood  &  Brainard  Company 

1907 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


PREFACE. 

The  small  scale  used  for  the  Preliminary  Geological  Map 
of  Connecticut  makes  it  impracticable  to  represent  all  the 
rock  groups,  and  to  give  credit  on  the  map  itself  to  the  indi- 
viduals and  organizations  whose  assistance  has  made  the 
map  possible.  The  following  pages  have  therefore  been 
written  to  make  the  map  more  intelligible,  and  to  explain 
its  method  of  compilation,  its  value,  and  its  deficiencies. 
This  Bulletin  has  also  been  thought  to  be  a  suitable 
place  to  present  a  brief  account  of  the  history  of  geologic 
work  in  Connecticut.  The  imperfection  of  the  map  here- 
with presented  is  manifest,  and  the  authors  will  be  thankful 
for  any  information  which  will  tend  to  make  the  knowledge 
of  Connecticut  geology  more  complete  and  more  accessible. 

Herbert  Ernest  Gregory, 
Henry  Hollister  Robinson. 

New  Haven,  Conn.,  Dec,  23, 1906, 
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PRELIMINARY  GEOLOGICAL  MAP  OF 
CONNECTICUT^ 


OUTLINE  OF  THE  GEOLOGY  OF  ODNNECTiaJT. 

A  glance  at  the  Connecticut  geologic  map  which  forms 
part  of  this  Bulletin  reveals  the  fact  that  the  state  consists 
of  three  geologic  provinces:  viz.,  a  western  portion  com- 
posed of  metamorphic  crystalline  rocks,  an  eastern  portion 
of  like  character,  and  a  central  portion  of  sandstones  and 
lavas.  Topographically  these  areas  constitute  the  Western 
Highland,  the  Eastern  Highland,  and  the  Connecticut  and 
Farmington  Valley  Lowland.  The  rocks  forming  the  High- 
lands are  gneisses,  schists,  quartzites,  and  limestones  of 
very  great  age,  with  intrusions  of  granitic,  pegmatitic,  and 
basic  material.  The  characteristic  structures  present  are 
the  results  of  extreme  metamorphism,  and  have  been  re- 
vealed by  erosion  of  unknown  thoiisands  of  feet  of  over- 
lying rock.  The  sandstone,  basalt,  and  diabase  of  the  Low- 
land and  of  the  small  Pomperaug  Valley  area  are  of  Triassic 
age,  and  rest  uncomformably  upon  the  underlying  crystal- 
line rocks.  . 

Land  doubtless  existed  in  Connecticut  before  the  earliest 
fossiliferous  rocks  were  deposited,  but  the  nature  of  such 
land  areas  is  unknown.  Whether  originally  igneous  or 
sedimentary,  or  both,  is  undetermined ;  all  that  is  certain  re- 
garding a  pre-Cambrian  formation  like  the  Becket  gneiss  is 
that  its  present  structure  and  composition  are  the  results  of 
a  long  series  of  changes  which  have  completely  altered  the 
original  rock  mass.  During  Cambrian  and  Ordovician 
time,  sandstone,  shale,  and  limestone  were  being  deposited 
in  western  Connecticut,  forming  the  originals  from  which 
the  Poughquag  quartzite,  Berkshire  schist,  and  Stockbridge 
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limestone  were  later  developed.  The  history  of  Connecti- 
cut during  Silurian,  Devonian,  and  Carboniferous  time  has 
not  been  deciphered.  It  is  evident,  however,  that  import- 
ant and  wide-spread  disturbances  occurred  prior  to  Triassic 
time,  and  that  injection  and  regional  metamorphism  have 
been  important  factors  in  the  formation  of  the  crystallines. 
As  a  result  of  these  two  processes,  the  rocks  of  the  High- 
lands have  been  rendered  crystalline,  have  been  stretched 
and  squeezed  and  drawn  out  into  lines,  and  have  suffered 
intrusion  of  granitic  masses  and  dikes,  pegmatite  veins, 
masses  and  dikes  of  gabbro,  amphibolite,  etc.  The  rocks 
have,  accordingly,  in  many  cases,  been  so  modified  that  their 
original  character  is  destroyed.  Fossils,  which  they  may 
have  contained,  have  been  destroyed,  and  with  them  the 
means  of  determining  the  age  of  the  rocks. 

During  Triassic  time  sandstones  and  shales  were  de- 
posited over  parts  of  Connecticut,  and  exist  now  in  two 
areas  shown  on  the  map.  The  deposition  of  Triassic  sedi- 
ments was  interrupted  by  at  least  three  separate  periods  of 
volcanic  activity,  which  produced  the  diabase  and  basalt 
from  which  have  been  carved  the  trap  ridges  that  form  such 
conspicuous  features  of  the  topography  of  central  Connecti- 
cut. The  lavas  and  sandstones  were  at  a  later  date  broken 
into  blocks  which  were  tilted  toward  the  southeast. 

The  last  great  epoch  in  the  geologic  history  of  Connecti- 
cut was  the  Glacial  age.  Ice  sheets  covered  the  entire 
state ;  and  in  their  advance  southward  the  glaciers  scoured 
and  grooved  the  rock,  reduced  irregularities  of  topography, 
and  carried  much  of  the  surface  covering  beyond  the  borders 
of  the  state.  When  the  ice  retreated,  masses  of  loosened 
rock  waste  were  left  unevenly  distributed  over  the  state  as 
gravel,  hard-pan,  bowlders,  etc. 

On  the  geological  map  no  account  is  taken  of  the  pres- 
ence of  Glacial  material,  but  the  state  is  divided  into  rock 
formations  as  they  are  thought  to  exist  beneath  the  surface 
covering. 

A  fuller  treatment  of  the  Geology  of  Connecticut  will  be 
found  in  Bulletin  No.  6. 
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SKETCH  OF  THE    HISTORY  OF  ODNNECTICUT 
GEOLOGY 


The  geology  of  Connecticut  has  attracted  the  attention 
of  scientific  men  for  nearly  a  century,  and  the  first  geologic 
map  issued  in  this  country  distinguishes  the  Triassic  sand- 
stones from  the  crystallines.  From  the  time  when  the  first 
paper  on  the  Mineralogy  of  the  Town  of  New  Haven  was 
published  by  Silliman,  in  1810,  valuable  contributions  ^o  the 
geology  of  the  state  have  been  made  by  state  and  national 
surveys  and  by  private  individuals. 

CONNECTICUT  GEOLOGICAL  SURVEYS. 

The  teaching  of  Benjamin  Silliman  at  Yale  (1804-1853), 
and  the  founding  of  the  American  Journal  of  Science,  in 
1818,  served  to  arouse  great  interest  in  the  study  of  natural 
history  in  America.  This  interest  expressed  itself  in  pro- 
vision for  geological  instruction  in  the  colleges,  and  in  the 
investigation  of  the  natural  resources  of  the  various  states 
by  commissions  appointed  by  the  legislatures.  North 
Carolina  took  the  lead  and  established  a  survey  in  1823. 
South  Carolina  appointed  Professor  Vanuxem  State  Geolo- 
gist the  following  year.  In  1830  Edward  Hitchcock  was 
appointed  State  Geologist  of  Massachusetts,  and  two  re- 
ports were  issued,  in  1832  and  1833,  respectively.  Tennes- 
see established  a  survey  in  183 1,  New  Jersey  and  Virginia 
in  1835,  Maine,  New  York,  and  Pennsylvania  in  1836,  Ken- 
tucky in  1838,  New  Hampshire  and  Rhode  Island  in  1839. 
The  first  geological  survey  of  Connecticut  was  established 
in  1835. 

The  Percival  Survey. —  The  credit  for  the  establishment 
of  the  first  Geological  Survey  of  Connecticut  belongs  to 
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Governor  Edwards,  who,  after  consultation  with  Silliman, 
Percival,  and  others,  brought  the  matter  before  the  legis- 
lature, urged  action,  and  afterwards  exerted  his  influence 
in  favor  of  allqwing  geologists  adequate  time  and  means  for 
prosecuting  the  work.  In  his  annual  message  for  1835, 
Governor  Edwards  says : — 

"The  mineralogical  treasures  which  have  been  de- 
veloped within  a  few  years  and  which  are  constantly  coming 
to  light  in  diflferent  parts  of  our  country,  give  us  reason  to 
believe  that  we  have  not  as  yet  availed  ourselves  to  the  ex- 
tent that  we  might  of  this  source  of  wealth,  and  suggests 
the  expediency  of  a  more  systematic  examination  than  has 
hitherto  taken  place.  In  some  instances  this  has  been 
done  under  the  public  patronage,  and  by  public  authority. 
An  examination  of  the  kind  in  our  State  might  lead  to 
some  important  discoveries.  An  accurate  and  thorough 
geological  and  mineralogical  survey  by  scientific  men,  if  it 
should  not  result  in  any  immediate  discoveries  of  moment, 
would  at  least  have  the  effect  of  aiding  individuals  in  their 
future  researches  on  their  own  lands.  Much  labor  has 
been  expended,  and  money  wasted,  in  the  search  after  metals 
and  minerals,  which  a  knowledge  of  those  substances  and 
the  relative  position  they  uniformly  occupy,  would  have 
shown  to  be  useless. 

"The  geological  character  of  a  country  indicates  its 
topographical  features;  and  a  geological  map  would  serve 
as  a  guide  in  the  examination  and  selection  of  routes  for 
railroads,  and  canals,  and  internal  improvements  of  every 
kind,  the  location  of  which  depends  on  the  topical  features 
of  the  country  through  which  they  pass.  A  survey  of  the 
kind  referred  to,  would  furnish  every  individual  with  such 
information  respecting  his  possessions,  as  would  guard  him 
against  the  wiles  of  prowling  speculators.  Much  labor  has 
been  bestowed  on  this  subject,  and  much  information  col- 
lected by  individuals  in  different  sections  of  the  state,  and  it 
is  important  that  this  information  should  be  embodied  and 
preserved;  the  expense  would  be  trifling,  and  bear  but  a 
very  small  proportion  to  the  benefits  which  may  be  derived 
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from  it.  This  is  a  subject  in  which  the  whole  community 
has  a  deep  interest,  and  it  is  recommended  that  immediate 
measures  be  taken  for  its  accomplishment.  Similar  surveys 
have  been  already  had  in  some  of  the  states;  and  the  at- 
tention of  others  is  turned  to  the  subject.  Xet  us  not  be 
deficient  on  our  part ;  we  have  heretofore  furnished,  and  'we 
can  still  furnish,  our  full  quota  to  those  economical  and 
scientific  researches  which  seem  to  be  the  order  of  the  day.^- 

In  accordance  with  the  above  recommendation,  the 
legislature  passed  the  following  resolution :  — 

"  Resolved,  That  the  Governor  be  and  is  hereby  author- 
ized to  appoint  a  committee  of  suitable  persons  to  make  a 
geological  survey  of  the  state  of  Connecticut,  and  to  report 
the  same  to  the  General  Assembly  at  their  May  Session  of 
1836. 

*'  Resolved,  That  the  property  of  such  survey  shall  be  in 
and  belong  to  the  State,  and  shall  be  disposed  of  as  the 
General  Assembly  may  direct." 

The  charge  of  the  survey  was  offered  to  Silliman,  who 
refused  it,  as  did  also  Percival,  and  later  Shepard.  Finally, 
at  the  urgent  request  of  Governor  Edwards  and  of  Shepard, 
it  was  arranged  that  Percival  should  undertake  the  study 
of  the  general  geology  of  the  state,  and  Shepard  the  study 
of  the  mineralogy  and  economic  geology.  These  two  men 
accordingly  *took  up  the  work  under  the  following  official 
appointment :  — 

"Henry  W.  Edwards,  Governor  of  the  State  of  Connecti- 
cut, to  James  Gates  Percival  and  Charles  Upham  Shepard, — 
greeting:  Pursuant  to  resolves  passed  by  the  General  As- 
sembly of  Connecticut,  at  Hartford,  in  May,  1835,  I  do  ap- 
point you,  said  Percival  and  Shepard,  a  committee  to  make 
and  complete  the  survey  and  report  in  said  resolves,  to  per- 
form the  duties  thereof,  and  obey  the  instructions  from 
time  to  time  received  from  the  proper  authority. 

"  Given  under  my  hand  and  official  seal,  at  New  Haven, 
this  15th  day  of  June,  A.  D.  1835. 

Henry  W.  Edwards." 
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The  reports  of  Percival  and  Shepard  were  accepted  by 
the  legislature  of  1836,  and  the  Survey  vsras  continued  for 
another  year.  The  work  assigned  to  Shepard  was  largely  a 
matter  of  collecting  and  classifying,  and  after  some  six 
months'  work  that  officer  handed  in  "A  Report  on  the  Geo- 
logical Survey  of  Connecticut/'  dated  May  15,  1837.  The 
committee  to  which  Shepard's  work  was  referred  recom- 
mended its  publication  in  the  following  report : — 

"  The  joint  committee  on  the  Geological  and  Mineralog- 
ical  Survey  of  the  State,  to  whom  was  referred  the  Special 
Message  of  the  Governor  and  the  accompanying  papers 
relating  to  the  mineralogical  department  of  said  survey, 
having  had  the  same  under  their  consideration,  Report, 

"  That  Professor  Shepard  has  brought  his  examination 
into  the  mineralogy  of  the  StaJ;e  to  a  close,  and  the  results 
of  his  labors  have  been  before  us  in  a  highly  interesting  and 
valuable  Report.  This  Report,  embracing  the  statistics  of 
all  our  present  mineral  resources,  the  condition  of  our  iriines, 
quarries,  and  diggings  of  every  description,  and  suggestions 
as  to  the  most  profitable  manner  of  working  them  both  to 
the  proprietors  and  the  public,  all  of  which  are  capable  of 
immediate  application, —  your  committee  recommend 
should  be  immediately  published.     *     *     *     * 

"  The  document  will  constitute  an  8vo  volume,  or  pam- 
phlet, of  one  hundred  and  fifty  pages ;  and,  if  published  in 
the  style  in  which  these  surveys  are  done  in  other  states, 
will  cost  about  twenty-five  cents  a  copy.  Your  committee, 
therefore,  recommend  an  appropriation  of  a  sum  of  money 
not  exceeding  five  hundred  doUars,  or  such  less  sum  as  his 
Excellency  the  Governor  may  contract  for,  for  the  publi- 
cation of  two  thousand  copies.  That,  of  this  number,  the 
Governor  be  authorized  to  distribute  copies  in  the  following 
manner: — 

"Two  copies  to  the  library  of  Congress;  two  copies  to 
the  Governor  of  every  state  in  the  Union  ;  two  copies  to  the 
library  of  Yale  College,  of  Washington  College,  and  of  the 
Wesleyan  University  of  this  state, —  and  to  each  of  the 
State   Officers;  one   copy   to    each   of   the   Judges   of   the 
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Supreme  Court;  one  copy  to  each  of  the  Judges  of  the 
County  Court  and  to  each  Probate  Judge  of  this  State,  who 
are  not  members  of  this  Legislature;  one  copy  to  each 
member  of  the  two  Houses  of  the  present  Legislature ;  one 
copy  to  the  town  clerk  of  every  town  in  the  State;  fifty 
copies  to  remain  at  the  disposal  of  Prof.  Shepard,  and  the 
same  number  at  the  disposal  of  his  Excellency,  the  Gov- 
ernor." 

The  resolution  as  finally  passed  by  the  legislature  is  as 
follows : 

"  Resolved  by  this  Assembly,  That  two  thousand  copies 
of  Prof.  Shepard's  Report  on  the  Mineralogy  of  the 
State  be  published  under  the  superintendence  of  the  author, 
and  that  a  sum  of  money  not  exceeding  five  hundred  dollars 
be  appropriated  to  defray  the  expenses, —  and  that  the 
Comptroller  of  public  accounts  is  hereby  authorized  to 
draw  an  order  on  the  Treasurer  for  such  sum,  not  exceeding 
five  hundred  dollars,  to  be  paid  out  of  any  money  not  other- 
wise appropriated, — and  his  Excellency,  the  Governor,  is 
hereby  appointed  Commissioner  to  see  the  object  of  this 
resolution  effected." 

The  report  was  issued  the  same  year. 

The  task  which  Percival  had  undertaken  could  not  be 
thus  easily  disposed  of.  It  involved  a  determination  of  rock 
types  with  their  endless  variation,  a  careful  tabulation  of 
dips  and  strikes,  and  the  preparation  of  a  detailed  geological 
map  of  an  unknown  region.  Percival  worked  at  his  task 
year  after  year,  while  the  legislature,  and  especially  Gov- 
ernor Ellsworth,  became  more  and  more  impatient.  The 
Governor  and  Percival  were  evidently  working  at  cross 
purposes;  the  former  wanted  information  regarding  the 
supposed  mineral  wealth  of  the  state,  while  Percival  had 
set  out  to  solve  the  problems  relating  to  the  composition 
and  complicated  structure  of  the  rocks.  In  the  spring  of 
1838  he  presented  an  exhaustive  report,*  but  was  unwilling 
to  have  it  published  until  he  had  verified  his  statements  by 
an  examination  of  his  newly  collected  material. 


*No  trace  of  this  manuscript  has  been  found. 
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Work  was  continued  during  1838,  1839,  1840,  and  1841 ; 
and  during  this  time  the  misunderstanding  with  the  state 
authorities  became  more  acute.  Finally  the  small  state  ap- 
propriation was  cut  off,  and  Percival,  seeing  that  time  was 
not  to  be  allowed  for  a  careful  study  of  his  material,  decided 
reluctantly  to  prepare  such  a  report  as  the  circumstances 
would  allow. 

The  "  Report  on  the  Geology  of  the  State  of  Connecti- 
cut; by  James  G.  Percival,"  was  written  in  the  spring  of 
1842;  in  May  an  appropriation  of  $1,500  was  made  for 
printing  one  thousand  copies,  and  the  book  appeared  be- 
fore the  close  of  the  year.  In  the  preface  the  author  re- 
marks : — 

"  The  report  which  follows  is  but  a  hasty  outline,  writ- 
ten mainly  from  recollection,  with  only  occasional  reference 
to  my  materials,  and  under  circumstances  little  calculated 
for  cool  consideration.  It  was  written,  however,  with  an  in- 
tention to  state  nothing  of  the  truth  or  probability  of  which 
I  did  not  feel  satisfied.  None  can  regret  more  than  I  do, 
its  imperfection ;     *     *     * " 

Percival  had  devoted  more  than  five  years  of  his  life  to 
this  work,  and  had  received  on  the  average  $600  per  year, 
out  of  which  all  expenses  had  to  be  paid.  Under  these  cir- 
cumstances, it  is  not  creditable  to  Governor  Ellsworth's 
administration  that  another  year's  appropriation  was  re- 
fused, and  the  State  Geologist  thereby  forced  to  write  his 
report  without  proper  use  of  his  voluminous  notes  and  ex- 
tensive collections. 

The  method  of  conducting  the  geological  survey  is  ex- 
plained by  Percival  in  the  preface  to  his  report: — 

"During  the  summer  of  that  year  [1835],  I  travelled, 
with  Prof.  Shepard,  through  every  town  in  the  State, 
but  the  short  period  then  allowed  me,  only  enabled  me  to 
make  a  general  preparatory  reconnoissance.  An  additional 
appropriation  for  the  continuance  of  the  survey,  was  made 
by  the  Legislature,  in  the  session  of  1836.-  I  then  com- 
menced, by  myself,  a  regular  plan  of  survey,  by  sections 
across  the  State,  from  East  to  West,  at  average  intervals  of 
four  miles.     This  I  accomplished  in  nearly  eight  months 


Digitized  by  VjOOQIC 


No.  7.]         PRELIMINARY  GEOLOGICAL  MAP  OF  CONN.  I5 

constant  travel.  In  the  session  of  1837,  a  further  appro- 
priation was  made  to  enable  me  to  complete  the  survey, 
after  having  prepared  a  report  of  my  previous  explorations. 
This  report  I  completed  and  submitted,  Jan.  ist,  1838. 
Before  commencing  a  re-survey  of  the  State,  I  undertook 
an  exploration  of  the  Trap  dikes  traversing  the  Primary, 
which  I  traced  throughout  their  whole  extent.  Before  en- 
gaging in  the  survey  (in  1834),  I  had  particularly  explored 
the  diflferent  ranges  of  Trap  connected  with  the  two  Sec- 
pndary  formations  in  the  State,  and  had  traced  them  out  so 
fully,  that  only  two  or  three  unimportant  localities  have 
since  occurred  to  me.  After  I  had  completed  my  exami- 
nation of  the  Trap  dikes  in  the  Primary,  I  commenced  a  re- 
survey  of  the  State,  by  sections  from  East  to  West,  as  be- 
fore, in  the  intervals  between  my  former  sections,  thus 
reducing  the  average  distance  of  my  sections  to  two  miles, 
and  bringing  myself  in  contact  with  each  of  the  4,600  square 
miles  in  the  State.  This  does  not  include  my  general  recon- 
noissance  the  first  season,  nor  my  particular  exploration  of 
the  Trap  connected  both  with  the  Secondary  and  Primary. 
In  my  first  regular  survey,  I  had  ascertained  the  general 
system  of  arrangement  in  the  rocks  of  the  State,  and  had 
prepared  myself  for  a  more  discriminating  investigation  of 
the  diflferent  formations.  The  second  survey  I  consequently 
made  more  minutely,  and  devoted  to  it  a  much  greater 
length  of  time.  In  these  two  surveys  I  had  taken  ample 
notes,  in  which  I  had  marked  the  character  and  relative 
arrangement  of  the  rocks  in  the  diflferent  localities  exam- 
ined, as  well  as  the  direction  and  dip  of  the  strata  in  each. 
I  had  also  collected  illustrative  specimens  in  most  of  the 
localities,  all  of  which  are  so  arranged  and  labelled,  that  the 
precise  locality  and  relation  of  each  can,  by  reference  to  my 
notes,  be  at  once  determined.  The  number  of  localities 
from  which  I  have  collected  specimens,  I  have  estimated  at 
nearly  8000 ;  the  records  of  dips  and  bearings  are  still  more 
numerous." 

Percival's  Report  on  the  Geology  of  Connecticut  is  not 
a  readable  book ;  it  does  not  contain  theories  and  inferences 
and  bits  of  lively  description,  but  merely  dry  facts  grouped 
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geographically.  It  is  about  the  last  book  which  a  poet,  one 
of  the  most  celebrated  of  his  time,  would  be  expected  to 
write.  Accuracy  and  keenness  of  observation  and  distinct- 
ness of  representation  are,  however,  prime  requisites  for 
lasting  scientific  work,  and  in  these  qualities  Percival  ex- 
celled. The  more  the  modern  geologist  becomes  familiar 
with  the  involved  structures  and  exasperating  variations 
found  within  the  metamorphic  rocks  of  the  state,  the  more 
respect  and  admiration  he  has  for  Percival's  discrimination 
and  skill  in  delineation.  It  is  doubtful  if  ever  a  more  ac- 
curate discrimination  of  the  various  members  of  a  compli- 
cated series  of  crystalline  rocks  on  field  evidence  alone  was 
ever  accomplished. 

The  Connecticut  Topographical  Survey. —  The  prepa- 
ration of  a  satisfactory  base  map  of  Connecticut  was  not  un- 
dertaken until  the  attention  of  the  legislature  was  called  to 
the  need  of  such  a  map  by  Governor  Bulkeley,  in  1889.  In 
his  message  for  that  year  the  Governor  says : — 

"  My  attention  has  been  called  to  the  fact  that  the  state 
has  never  secured  an  ofiicial  and  accurate  topographical  sur- 
vey and  map  of  the  state,  and  that  a  favorable  opportunity 
now  exists  through  the  co-operation  of  the  general  govern- 
ment, to  secure  such  a  survey  and  map  at  a  moderate  ex- 
pense. You  will  be  asked  to  g^ve  this  subject  your  serious 
consideration.  Adjoining  states  have  taken  advantage  of 
the  work  of  the  United  States  Geological  Survey,  and  in 
Massachusetts  and  Rhode  Island  the  field  work  of  the  sur- 
veys is  completed.  The  desirability  of  securing  an  ac- 
curate map  of  the  state  cannot,  I  think,  for  a  moment,  be 
doubted." 

The  following  resolution  for  the  establishment  of  a  topo- 
graphic survey  originated  with  Judge  S.  W.  Adams  of 
Hartford,  was  passed  by  the  legislature,  and  was  approved 
early  in  June,  1889:  — 

"  Resolved  by  this  Assembly :  That  the  Governor  be  and 
he  is  hereby  authorized  to  appoint  a  Commission,  to  con- 
sist of  three  citizens  of  this  State,  qualified  by  education  and 
experience  in  topographical  science,  to  confer  with  the  di- 
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rector  or  representative  of  the  United  States  Geologica> 
Survey,  and  to  accept  its  co-operation  with  this  State  in  the 
preparation  and  completion  of  a  contour  topographical  sur- 
vey and  map  of  this  State,  which  is  hereby  authorized  to  be 
made,  and  it  is  hereby  provided  that  said  map  shall  ac- 
curately show  all  town  and  county  boundary  lines  in  this 
State  as  existing  at  the  time  of  its  completion.  Said  com- 
mission shall  serve  without  pay,  but  all  its  necessary  ex- 
penses shall  be  approved  by  the  comptroller,  and  paid  out  of 
the  State  treasury.  Said  commission  shall  have  power  to 
arrange  with  the  director  or  representative  of  the  United 
States  Geological  Survey  concerning  the  survey  and  map 
herein  provided,  for  its  scale,  method  of  execution,  form, 
and  all  details  of  the  work,  in  behalf  of  this  State,  and  may 
accept  or  reject  the  work  presented  by  the  United  States 
Geological  Survey.  Said  commission  may  expend,  in  the 
prosecution  of  this  work,  a  sum  equal  to  that  which  shall 
be  expended  therein  by  the  United  States  Geologfical  Sur- 
vey, but  the  total  cost  of  this  survey  to  this  state  shall  not 
exceed  the  sum  of  twenty-five  thousand  dollars." 

On  June  12th  there  was  appropriated  "  for  a  Topograph- 
ical Survey  of  the  State  of  Connecticut,  $25,000,  provided 
said  survey  together  with  all  costs  for  labor  and  expenses  of 
the  commission  appointed  therefor  and  all  other  expenses 
connected  therewith  can  be  completed  for  that  sum."* 

On  June  19th,  1889,  William  H.  Brewer  of  New  Haven, 
James  H.  Chapin  of  Meriden,  and  John  W.  Bacon  of  Dan- 
bury,  were  appointed  Commissioners  of  the  State  Topo- 
graphical Survey. 

In  July,  1889,  work  on  the  state  map  was  actively  begun 
under  the  following  contract : — 

"  Agreement  between  the  Commissioners  of  the  State 
of  Connecticut  and  the  Director  of  the  United  States  Geo- 
logical Survey,  for  the  construction  of  a  Topographical 
Map  of  Connecticut: 

"  I.  The  preparation  of  the  map  shall  be  placed  under 
the  supervision  of  the  director  of  the  United  States  Geolog- 


*  The  amount  actually  expended  was  $34,59  ).ai. 
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ical  Survey,  who  shall  determine  the  methods  of  survey  and 
map  construction. 

"  2.  The  work  shall  be  based  upon  the,  triangulation  of 
the  United  States  Coast  and  Geodetic  Survey,  and  wherever 
this  is  deficient  it  shall  be  supplemented  by  the  United 
States  Geological  Survey. 

"  3.  The  survey  shall  be  executed  in  a  manner  sufficiently 
elaborate  to  prepare  a  map  upon  a* scale  of  1:62,500,  ex- 
hibiting the  hydrography,  hypsography,  and  public  culture, 
and  including  all  town  and  county  boundary  lines  in  this 
state  as  established  at  the  time  of  its  completion,  and  the 
preliminary  field  maps  shall  be  on  such  a  scale  as  the 
director  of  the  United  States  Geological  Survey  may  select 
to  secure  accuracy  in  the  construction  of  the  final  map. 

"4.  The  hypsography  shall  be  shown  by  contour  lines 
with  vertical  intervals  of  20  ft. 

"  5.  The  heights  of  important  points,  including  dams, 
shall  be  determined  and  furnished  to  the  Commissioners  of 
Connecticut. 

"  6.  The  outlines  of  wood  areas  shall  be  represented 
upon  proofs  of  the  engraved  map  to  be  furnished  the  Com- 
missioners of  Connecticut.     *     *     * 

"9.  The  resulting  map  shall  fully  recognize  the  co- 
operation of  the  State  of  Connecticut. 

"  10.  When  the  work  is  completed  the  Commissioners 
of  Connecticut  shall  be  furnished  by  the  United  States  Geo- 
logical Survey  with  photographic  copies  of  the  manuscript 
sheets ;  and  when  the  engraving  is  complete  said  commis- 
sioners shall  be  furnished  by  the  said  Survey  with  electro- 
copper  plates  of  the  sheets  of  the  map,  without  cost  to  the 
State  in  excess  of  the  twenty-five  thousand  (25,000)  dollars 
appropriated  by  the  State,  less  the  necessary  expenses  of  the 
State  Commission." 

By  a  subsequent  agreement  country  houses  were  indi- 
cated on  the  map,  an  undertaking  not  heretofore  attempted 
by  the  Geological  Survey. 

When  the  Government  field  parties  began  work  in  Con- 
necticut, they  made  use  of  the  previously  established  signal 
stations  of  thq  United  States  Coast  and  Geodetic  Survey; 
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for  example,  Mount  Carmel,  Ivy  Mountain,  Bolton  Moun- 
tain. This  triangulation  was  supplemented  by  six  weeks* 
work  of  S.  S.  Gannett;  and  I45^miles  of  levels  were  run  by 
W.  R.  Atkinson.  During  1889-90  the  entire  western  half 
of  the  state  (2477  square  miles)  was  mapped  by  parties  ia 
charge  of  J.  H.  Jennings,  E.  W.  F.  Natter,  E.  B.  Clark,  W. 
R.  Atkinson,  and  M.  B.  Lambert ;  four  topographic  parties 
were  at  work  during  the  official  year  1890-91,  under  J.  H. 
Jennings,  W.  R.  Atkinson,  F.  P.  Gulliver,  and  E.  B.  Clark. 
G.  L.  Johnson  and  G.  E.  Hyde  had  charge  of  parties  for 
short  periods.  By  December,  1890,  all  the  state  had  been 
surveyed,  with  the  exception  of  the  Norwich  sheet,  which 
was  completed  in  1891.*  The  engraving  of  the  maps 
began  when  the  result  of  the  field  work  was  tabulated,  and 
by  the  close  of  1893  all  the  plates  for  the  33  sheets  into 
which  the  Connecticut  Topographic  Atlas  is  divided,  were 
engraved. 

The  printing  and  distribution  of  the  maps  was  provided 
for   by   the   following   resolution,   approved    March    23d, 

1893:— 

"  That  the  sum  of  $5,ooo.oot  be  appropriated  for  the 
printing  and  distribution  of  the  atlas  sheets  and  maps  of  the 
State  of  Connecticut,  under  the  direction  of  the  Commis- 
sioners of  the  State  Topographical  Survey.  The  distribu- 
tion and  sale  of  said  atlas  sheets  and  maps  shall  be  in  charge 
of  the  State  Librarian,  in  accordance  with  such  prices  and 
regulations  as  may  be  prescribed  by  said  commissioners."! 

The  commissioners  arranged  for  the  printing  of  2,000 
sets  of  separate  atlas  sheets,  on  a  scale  of  i :  62,500  (ap- 
proximately one  mile  to  the  inch),  and  also  1,000  copies  of 
a  wall  map,  on  a  scale  of  i :  125,000  (approximately  two 
miles  to  the  inch).  Seventeen  atlas  sheets  are  entirely 
within  the  state,  while  seventeen  others  include  parts  of 

*  The  area  of  Connecticut^  exclusive  of  the  waters  of  Long  Island  Sound  and  of 
bays  more  than  i,ooo  ft.  in  width,  was  determined  to  be  5,047  square  miles.  Later 
measurements  make  the  area  4,065  square  miles,  of  which  4,8*0  square  miles  are 
land  surface  and  145  square  miles  water  surface.  (See  U.  S.  Geol.  Surv.  Bull.,  30a,  1906. 

tThe  amount  expended  was  approximately  $3,400. 

t  The  Topographic  Map  is  for  sale  by  the  State  Librarian.  Single  sheets  may  be 
had  for  10  cents  each,  postpaid,  and  the  set  of  33  sheets  bound  or  unbound  for  $3.00 
net.  The  Topographic  Map  of  the  entire  state  on  the  scale  of  two  miles  to  the  inch^ 
mounted  on  rollers  and  muslin-lined,  costs  $1.00  net. 
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adjoining  states.  The  location  and  areal  extent  of  the  sheets 
comprising  the  Connecticut  Topographical  Atlas  are  shown 
on  the  accompanying  map.* 

Geological  and  Natural  History  Survey  of  1903. —  The 
State  of  Connecticut  undertook  no  geological  work  from 
1842  to  1903.  However,  during  the  intervening  time  much 
work  had  been  carried  on,  chiefly  by  Professor  J.  D.  Dana, 
and  by  officers  of  the  United  States  Geological  Survey ;  and 
of  late  years  the  need  of  some  systematic  examination  of  the 
resources  of  the  state  became  more  and  more  apparent  to 
teachers,  scientific  workers,  and  men  of  affairs.  A  proposition 
to  organize  a  State  Survey  was  informally  discussed  during 
1901-1902;  but  the  first  definite  step  looking  to  its  establish- 
ment was  the  presentation  of  a  bill  in  the  January  session, 
1903,  of  the  General  Assembly,  prepared  by  the  Hartford 
Scientific  Society.  The  following  substitute  for  the  original 
bill  was  approved  June  3,  1903 : — 

"  Be  it  enacted  by  the  Senate  and  House  of  Representa- 
tives in  General  Assembly  convened: 

"  Section  i.  There  is  hereby  established  a  state  geo- 
logical and  natural  history  survey,  which  shall  be  under  the 
direction  of  a  commission  composed  of  the  governor,  the 
president  of  Yale  University,  the  president  of  Wesleyan 
University,  the  president  of  Trinity  College,  and  the  presi- 
dent of  the  Connecticut  Agricultural  College,  or  so  many 
of  them  as  shall  accept  said  office,  who  shall  serve  without 
compensation,  but  shall  be  reimbursed  for  actual  expenses 
incurred  in  the  performance  of  their  official  duties;  and  the 
said  commissioners  shall  have  general  charge  of  the  survey, 
and  shall  appoint  as  superintendent  of  the  same  a  scientist 
of  established  reputation,  and  such  assistants  and  employes 
as  they  may  deem  necessary ;  and  they  shall  also  determine 
the  compensation  of  all  persons  employed  by  the  survey 
and  may  remove  them  at  pleasure. 

•  As  orifj^inally  issued,  the  western  boundary  of  the  Cornwall  sheet  was  coinci- 
dent with  the  state  line.  Maps  published  since  190a  show  parts  of  Sharon  and  Kent, 
on  the  Millbrook  (New  York)  sheet.  There  has  recently  been  issued  a  map  (The 
Litpjifield  Sheet)  on  a  scale  of  two  miles  to  the  inch,  including?  the  area  of  the  Corn- 
wall, Winsted,  New  Milford,  and  Waterbury  sheets. " 
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"  Sec.  2.     Said  survey  shall  have  for  its  objects : 

"  (i)  An  examination  of  the  geological  formation  of 
the  state,  with  special  reference  to  its  economic  products, 
to  wit,  building  stones,  clays,  ores,  and  other  mineral  sub- 
stances. 

"  (2)  An  examination  of  the  animal  and  plant  life  of  the 
state,  with  special  reference  to  its  economic  and  educational 
value. 

"  (3)  The  preparation  of  special  maps  to  illustrate  the 
resources  of  the  state. 

"  (4)  The  preparation  of  special  reports,  with  necessary 
illustrations  and  maps,  which  shall  embrace  both  a  general 
and  detailed  description  of  the  geology  and  natural  history 
of  the  state. 

"  Sec.  3.  The  said  commissioners  shall  cause  to  be  pre 
pared  a  report  to  the  general  assembly  before  each  meeting 
of  the  same,  showing  the  progress  and  condition  of  the  sur- 
vey, together  with  such  other  information  as  they  may 
deem  necessary  and  useful  or  as  the  general  assembly  may 
require. 

"  Sec.  4.  The  regular  and  special  reports  of  the  survey, 
with  proper  illustrations  and  maps,  shall  be  prepared  for 
publication,  and  when  printed  the  reports  shall  be  dis- 
tributed or  sold  by  the"  commissioners  as  the  interests  of  the 
state  and  of  science  demand,  and  all  moneys  obtained  by  the 
sale  of  the  reports  shall  be  paid  into  the  state  treasury. 

"  Sec.  5.  All  material  collected,  after  having  served  the 
purposes  of  the  survey,  shall  be  distributed  by  the  commis- 
sioners to  the  educational  institutions  of  the  state  in  such 
manner  as  to  be  of  the  greatest  advantage  to  the  educational 
interests  of  the  state,  or,  if  deemed  advisable  by  said  com- 
missioners, the  whole  or  any  part  of  such  material  shall  be 
put  on  permanent  exhibition. 

"  Sec.  6.  The  sum  of  three  thousand  dollars,  or  so 
much  thereof  as  may  be  necessary,  is  hereby  appropriat?fed 
out  of  any  money  in  the  treasury  not  otherwise  appropri- 
ated, for  the  purpose  of  carrying  out  the  provisions  of  this 
act." 

The  first  meeting  of  the  Commissioners  was  held  June 
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^5*  1903*  2ind  at  the  meeting  of  June  25,  1903,  Professor 
William  North  Rice  of  Wesleyan  University  was  appointed 
superintendent.  The  plan  of  organization  and  the  work 
undertaken  are  explained  in  Bulletin  No.  i. 

WORK   OF  THE    UNITED   STATES  GEOLOGICAL   SURVEY    IN 
CONNECTICUT.* 

The  United  States  Geological  Survey  was  established 
March  3,  1879;  ^^^  by  an  act  of  August  7,  1882,  its  author- 
ity was  extended  over  the  entire  area  of  the  United  States. 
The  first  recorded  work  done  within  Connecticut  was  an 
examination  of  feldspar  quarries  by  F.  W.  Clarke,  in  Sep- 
tember, 1884. 

In  the  year  1885-86  Raphael  Pumpelly  was  g^ven  charge 
of  Archaean  Geology  of  the  Eastern  United  States,  and  Pro- 
fessor W.  M.  Davis,  one  of  his  assistants,  studied  the  sand- 
stones and  traps  of  the  Connecticut  Valley,  and  a  paper  en- 
titled "  The  Structure  of  the  Triassic  Formation  of  the 
Connecticut  Valley,*'  by  Professor  Davis,  appears  in  the 
Annual  Report  for  this  year. 

1887-88.  W.  M.  Davis  continued  his  study  of  the  Trias- 
sic eruptives. 

1889-90.  J.  S.  Newberry  finished  his  work  on  the  fossil 
plants  of  the  Connecticut  Triassic.  W.  M.  Davis  began 
detailed  mapping  of  the  Triassic  rocks.  In  this  work  he 
was  assisted  by  E.  O.  Hovey,  J.  A,  Merrill,  H.  L.  Rich,  and 
S.  W.  Loper,  the  last  named  assistant  paying  particular  at- 
tention to  the  fossiliferous  black  shales. 

1890-91.  Davis  continued  his  work  on  the  Triassic,  and 
was  assisted  by  E.  O.  Hovey  in  the  New  Haven  region,  by 
J.  A.  Merrill  in  the  Meriden  region,  by  H.  L.  Rich  in  the 
Woodbury-Southbury  district,  and  by  S.  W.  Loper.  The 
glacial  geology  of  Connecticut  was  in  charge  of  Professor 
N.  S.  Shaler,  and  certain  topographic  sheets  were  mapped 
in  a  preliminary  way  by  his  assistants,  R.  E.  Dodge,  M.  A. 
Read,  J.  B.  Woodworth,  and  E.  T.  Brewster. 

1891-92.V.  The  work  on  the  Triassic  was  continued  by 

•For  an  account  of  the  topographic  work  in  Connecticut  done  jointly  by  the 
U.  S.  Geological  Survey  and  the  State  of  Connecticut,  see  page  16. 
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W.  M.  Davis,  and  the  following  assistants: — H.  B.  Kiim- 
mel,  who  studied  the  geology  of  the  Hartford  and  Granby 
topographic  sheets;  W.  N.  Rice,  who  examined  the  area 
covered  by  the  Middletown  sheet;  S.  W.  Loper,  who  con- 
tinued his  investigation  of  the  black  shales ;  and  L.  S.  Gris- 
wold,  who  made  a  special  examination  of  the  Triassic  boun- 
daries and  of  districts  of  complicated  faulting.  Under  the 
direction  of  Professor  Shaler,  the  surface  geology  of  five 
sheets  in  Connecticut  was  mapped  by  R.  E.  Dodge,  L.  H. 
Davis,  C.  R.  Eastman,  E.  T.  Brewster,  and  J.  H.  Ropes.  As 
an  extension  of  work  done  in  Massachusetts,  Professor  B. 
K.  Emerson,  assisted  by  Fred  A.  Peck,  began  area!  mapping 
on  the  Granby  and  Tolland  topographic  sheets. 

1892-93.  W.  M.  Davis,  assisted  by  L.  S.  Griswold,  W. 
N.  Rice,  and  others,  completed  field  work  on  the  Triassic 
formation.  Professor  Shaler  reported  that  the  glacial  geol- 
ogy of  the  following  sheets  had  been  mapped : —  New  Mil- 
ford,  New  Haven,  Derby,  Danbury,  Winsted,  New  London, 
Tolland,  Woodstock,  Norwich,  Gilead,  Waterbury,  Corn- 
wall. 

1893-94.  Under  the  direction  of  Professor  Shaler,  R.  E. 
Dodge  completed  a  glacial  map  of  the  Moosup,  Putnam, 
and  Stamford  sheets,  and  L.  H.  Davis  surveyed  the  Bridge- 
port and  Norwalk  sheets. 

1895-96.  During  this  year  the  work  on  the  Hoosac  Moun- 
tain region,  which  was  begun  in  1885,  was  extended  south- 
ward, and  Professor  W.  H.  Hobbs  began  an  areal  map  of 
the  Cornwall  topographic  sheet. 

1896-97.  W.  H.  Hobbs  completed  a  map  of  the  Corn- 
wall sheet,  and  made  a  reconnaissance  of  the  New  Milford 
sheet.  Davis's  paper  on  the  "  Triassic  Formation  of  Con- 
necticut "  appeared  in  the  Annual  Report  of  this  year. 

1899-1900.  W.  H.  Hobbs,  assisted  by  H.  H.  Robinson, 
was  engaged  in  areal  work  on  the  Danbury,  Derby,  Winsted, 
New  Milford,  and  Waterbury  sheets.  A  detailed  study  was 
also  made  of  the  Triassic  area  of  the  Pomperaug  Valley.  In 
the  Annual  Report  for  this  year  appears  "  The  Newark  Sys- 
tem of  the  Pomperaug  Valley,  Connecticut,"  by  William 
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Herbert  Hobbs.  Herbert  E.  Gregory  began  work  on  the 
crystalline  rocks  of  the  Granby  and  Meriden  sheets. 

1900-1901.  Two  hundred  square  miles  of  the  Danbury, 
Derby,  Norwalk,  and  Bridgeport  sheets  were  mapped  by 
Professor  W.  H.  Hobbs.  A  paper  on  "  The  Old  Tungsten 
Mine  at  Trumbull,  Connecticut,"  by  William  H.  Hobbs, 
appears  in  the  Annual  Report  for  this  year.  Herbert  E. 
Gregory,  in  conjunction  with  L.  G.  Westgate,  completed  a 
survey  of  the  crystalline  rocks  of  the  Hartford  and  Middle- 
town  sheets,  and  made  a  reconnaissance  of  the  Tolland 
sheet. 

1901-1902.  C.  R.  Van  Hise,  assisted  by  W.  H.  Smith, 
.made  a  general  study  of  the  stratigraphy  of  western  Con- 
necticut. W.  H.  Hobbs,  assisted  by  S.  H.  Ball  and  A.  F. 
Smith,  was  at  work  on  the  Danbury,  Derby,  Norwalk,  and 
Bridgeport  sheets,  and  completed  the  areal  mapping  of 
Connecticut  west  of  the  73d  meridian.  Herbert  E.  Gregory, 
assisted  by  C.  H.  Warren  and  W.  E.  Ford,  Jr.,  made  a  pre- 
liminary map  of  the  Tolland,  Woodstock,  Putnam,  Gilead, 
Norwich,  and  Moosup  sheets. 

1902-1903.  Herbert  E.  Gregory  completed  the  areal 
work  previously  begun  on  the  Granby  and  Meriden  sheets. 
W.  E.  Ford,  Jr.,  assistant,  made  a  study  of  the  granite- 
gneiss  in  the  vicinity  of  Stony  Creek. 

1903-1904.  Professor  Hobbs  made  a  study  of  the  iron 
ore  deposits  on  the  Cornwall,  New  Milford,  Winsted,  and 
Waterbury  sheets.  Herbert  E.  Gregory,  assisted  by  G.  F. 
Loughlin  and  C  J.  Sarle,  mapped  the  Glacial  deposits  of  the 
Granby,  Meriden,  Hartford,  and  Middletown  sheets.  Pro- 
fessor Gregory  also  collected  well  and  spring  records,  and 
began  the  study  of  the  underground  waters  of  the  state. 
The  results  of  this  work  appear  in  Water  Supply  and  Ir- 
rigation Papers,  Nos.  102  and  114.  In  this  year  a  systematic 
study  of  the  streams  of  the  state  was  begun  by  N.  C. 
Grover.  Gaging  stations  had  been  previously  established 
on  the  Housatonic  River  (1900),  and  on  the  Byram  and 
Mianus  (1902). 

1904-1905.  A.  gaging  station  was  established  on  the 
Shetucket    River   near   Willimantic,   and   a   study   of   the 
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Thames  River  drainage  basin  was  begun.  Other  rivers  ex- 
amined are  the  Connecticut  and  the  Housatonic.  Mr.  E.  E. 
Ellis,  under  the  general  direction  of  Herbert  E.  Gregory, 
made  a  study  of  the  occurrence  of  water  in  the  crystalline 
rocks  of  the  state. 

As  the  result  of  recent  work,  the  following  manuscripts 
have  been  prepared  by  officers  of  the  United  States  Geo- 
logical Survey,  and  submitted  for  publication : — 

The  Litchfield  Folio  (including  the  Cornwall,  Winsted, 
New  Milford,  and  Waterbury  topographic  sheets),  con- 
taining geologic  maps  and  descriptive  text;  by  William 
Herbert  Hobbs. 

The  Farming^on  Folio  (including  the  Granby,  Hartford, 
Meriden,  and  Middletown  sheets),' containing  maps  and 
text ;  by  Herbert  E.  Gregory. 

The  Underground  Waters  of  Connecticut;  by  Herbert 
E.  Gregory  and  E.  E.  Ellis. 

WORK  OF  THE  BUREAU  OF  SOILS. 

The  first  Report  of  Field  Operations  of  the  Division  of 
Soils  (now  Bureau  of  Soils)  of  the  United  States  Depart- 
ment of  Agriculture,  was  for  the  year  1899,  ^"^  contains  an 
account  of  a  soil  survey  made  in  the  Connecticut  Valley  by 
Clarence  W.  Dorsey  and  J.  A.  Bonsteel.  The  area  mapped 
and  described  is  located  on  the  Hartford  and  Springfield 
topographic  sheets.  In  1903  soil  mapping  was  continued 
to  include  practically  all  of  the  Triassic  north  of  a  line 
through  Berlin. 

WORK  OF  PRIVATE  INDIVIDUALS. 

In  addition  to  the  officers  of  state  and  national  sur- 
veys, many  private  individuals  have  made  contributions  to 
the  geology  of  Connecticut.  Foremost  among  these  geolo- 
gists are  Benjamin  Silliman  and  James  X).  Dana. 

In  the  Transactions  of  the  Connecticut  Academy  of  Arts 
and  Sciences,  Vol.  I  (1810),  there  appeared  an  article  by 
Benjamin  Silliman,  entitled,  "  Sketch  of  the  Mineralogy  of 
the  Town  of  New  Haven."    This  paper  was  followed  by 
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Others  dealing  with  the  trap  rock  of  New  Haven,  Hartford, 
Talcott  Mountain,  and  Woodbury,  and  by  articles  descrip- 
tive of  minerals  and  fossils.  In  his  paper  on  the  "  Igneous 
Orig[in  of  some  Trap  Rocks,"*  Professor  Silliman  discusses 
contact  metamorphism  and  the  volcanic  nature  of  the  basalt 
near  Hartford,  and  suggests  some  of  the  principles  whose 
application  by  Davis  served  to  discriminate  the  contempo- 
raneous from  the  intrusive  traps. 

James  D.  Dana  began  his  contributions  to  Connecticut 
geology  in  1843  by  a  discussion  of  the  trap  rocks.  Many  pa- 
pers followed,  dealing  with  the  sandstones,  the  igneous  rocks, 
and  the  glacial  deposits  of  the  Connecticut  Valley  and  of 
New  Haven.  Perhaps  the  most  valuable  contribution  made 
by  Professor  Dana  to  the  geology  of  his  adopted  state  was 
a  study  of  the  limestone,  quartzite,  and  schists  of  the  New 
York-Connecticut  border.  The  structure  of  this  region  is 
involved,  and  the  discussion  concerning  the  age  and  struc- 
tural relations  of  the  rocks  constituted  the  "Taconic 
Question  "  which  occupies  so  large  a  space  in  the  geologic 
literature  of  New  England  and  New  York.  The  mistaken 
field  observations  of  Emmons,  reinforced  by  ex  cathedra 
discussions  by  Hunt  and  Marcou,  tended  to  confuse  an  al- 
ready difficult  problem.  Dana,  aided  later  by  Walcott  and 
Merrill,  settled  the  Taconic  question  by  determining  the 
structure  and  age  of  the  Berkshire  schist  and  of  the  Stock- 
bridge  limestone. 

W.  W.  Mather  has  to  his  credit  the  first  extensive  piece 
of  detailed  areal  mapping  of  the  crystalline  rocks.  His 
"  Sketch  of  the  Geology  and  Mineralogy  of  New  London 
and  Windham  County,"  accompanied  by  a  colored  geologic 
map,  appeared  in  1834.  In  1875,  E.  S.  Dana  prepared  a 
paper  on  the  Trap  Rocks  of  the  Connecticut  Valley,  which 
was  the  first  important  memoir  on  petrography  published  in 
this  country. 

Before  his  connection  with  the  United  States  Geological 
Survey,  Professor  W.  M.  Davis  published  papers  in  which 
the  structural  relations  and  origin  of  the  Triassic  traps  were 

*  Am.  Journal  of  Science^  series  i,  vol.  XVII,  pp.  iiq-133. 
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clearly  defined.  A  paper  by  Professor  W.  N.  Rice  on  the 
Trap  and  Sandstone  in  the  Gorge  of  the  Farming^on  River 
at  Tariffville,  published  in  1886,  was  an  important  aid  in 
determining  the  extrusive  origin  of  certain  trap  rocks. 

Papers  dealing  with  the  paleontology  of  Connecticut 
have  been  issued  by  E.  Hitchcock,  J.  D.  Dana,  Marsh,  New- 
berry, Lull, -and  others. 
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THE  GEOLCXSICAL  MAP  OF  1907. 


The  geological  map  herewith  presented  was  prepared  by 
Herbert  E.  Gregory  and  H.  H.  Robinson,  at  the  request  of 
the  Superintendent  of  the  Geological  and  Natural  History 
Survey. 

Geographic  Base. —  The  base  map  used  for  the  repre- 
sentation of  the  geologic  features  is  the  topographic  map 
of  1893.  For  recording  facts  in  the  field  the  large  scale 
atlas  sheets  were  used.  The  data  thus  indicated  were  trans- 
ferred by  the  authors  to  the  small  scale  (2  m.=i  in.)  State 
map,  and  this  map  was  still  further  reduced  by  the  en- 
graver to  the  scale  of  the  present  map  (4  m.=i  in.). 

Geologic  Maps  Used  in  Compilation. —  In  the  prepara- 
tion of  the  geologic  map,  the  manuscript  maps  and  published 
maps  of  the  following  geologists  have  been  used : — 

William  Herbert  Hobbs :  A  manuscript  map  of  Connec- 
ticut west  of  the  73d  Meridian,  with  the  exception  of  the 
area  around  Stamford.  This  map  is  the  result  of  work  for  the 
United  States  Geological  Survey  (see  pp.  24-26),  which  it 
is  expected  will  appear  as  the  Litchfield  Folio  and  the  Fair- 
field Folio.  The  authors  of  the  present  map  have  departed 
from  the  manuscript  map  of  Hobbs  in  a  few  instances,  par- 
ticularly as  to  the  extent  of  the  Danbury  granodiorite-gneiss. 

William  Morris  Davis :  Map  of  the  Triassic  Area  of  Con- 
necticut, United  States  Geological  Survey,  i8th  Ann.  Rep., 
PL  n.  This  map,  of  which  the  original  manuscript  copy 
was  supplied  by  Professor  Davis,  has  been  used  in  its  en- 
tirety, except  where  modified  by  the  work  of  Herbert  E. 
Gregory  on  the  Farming^on  Folio. 

Herbert  Ernest  Gregory:  A  manuscript  map  of  Connec- 
ticut east  of  the  73d  Meridian,  with  the  exception  of  an  area 
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in  the  vicinity  of  Middletown  and  of  the  shore  line  from 
New  Haven  to  Mystic.  This  map  is  the  result  of  work 
under  the  auspices  of  the  United  States  Geological  Sur- 
vey (1899-1900,  1900-1901,  1901-1902),  and  of  the  Connecti- 
cut Geological  and  Natural  History  Survey  (1904-05). 

Henry  Hollister  Robinson:  Manuscript  map  of  the 
sheets  bordering  Long  Island  Sound  from  Lighthouse  Point 
to  Mystic;  based  on  work  done  under  the  auspices  of  the 
Connecticut  Geological  and  Natural  History  Survey. 

Lewis  Gardner  Westgate:  A  manuscript  map  of  the 
crystalline  rocks  of  the  southeast  corner  of  the  Middletown 
sheet. 

James  Gates  Percival :  In  a  number  of  localities  where 
the  work  of  the  field  parties  did  not  join,  or  where  the  facts 
could  not  be  determined  without  further  field  work,  the  map 
of  the  Percival  Survey  of  1842  was  followed. 

Scope  of  the  Map. —  Only  bed-rock  formations  have  been 
represented  on  the  map.  The  cover  of  till,  stratified  drift, 
lacustrine  deposits,  etc.,  has  been  entirely  omitted.  More- 
over, many  areas  of  easily  recognized  rock  have  been 
omitted  from  the  map  on  account  of  their  small  size.  This 
applies  to  the  smaller  areas  of  amphibolite,  to  pegmatite, 
quartz  veins,  soapstone,  serpentine,  etc.  An  exception  has 
been  made  in  favor  of  the  diabase  dikes  in  the  crystallines. 

Geologic  Boundaries. —  The  drawing  of  accurate  geo- 
logic boundaries  is  in  many  cases  made  impossible  by  two 
facts:  the  mantle  of  drift,  which  in  many  places  covers 
all  contacts;  and  the  evident  gradation  between  adjoining 
formations.  More  detailed  work  will  doubtless  result  in  de- 
termining more  precisely  the  extent  of  certain  formations, 
but  in  some  cases  the  boundaries  will  probably  never  be 
located  with  assurance. 

Nomenclature. —  The  names  applied  to  the  formations 
are  those  used  by  the  various  field  parties,  and  indicate  areas 
of  rock  of  like  composition  and  structure.  The  equivalence 
of  a  formation  within  the  state  with  one  outside  has  not  been 
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assumed,  except  where  the  authors  are  personally  familiar 
with  both  areas. 

Aid  from  the  United  States  Geological  Survey. —  The 
present  map  has  been  made  possible  by  the  kindness  of  the 
United  States  Geological  Survey,  and  the  authors  wish  to 
express  their  thanks  for  permission  to  use  freely  the  un- 
published material  of  Messrs.  Hobbs  and  Gregory. 

Value  of  the  Map. —  The  authors  wish  it  distinctly  un- 
derstood that  the  map  of  1907  is  not  in  any  sense  a  final  or 
complete  map.  The  material  at  hand  in  published  reports 
and  unpublished  notes  and  manuscript  maps  has  been  uti- 
lized, but  with  little  effort  to  reconcile  divergent  views  of 
various  workers,  and  no  attempt  at  correlation.  The  most 
reliable  parts  of  the  map  are  those  based  on  work  done  by 
the  United  States  Geological  Survey.*  The  map  of  1907  is 
not  designed  especially  to  furnish  new  material  for  scien- 
tific experts,  but  aims  to  bring  together  the  scattered  geo- 
logic data  which  have  been  accumulating  since  the  publica- 
tion of  Percival's  map  in  1842.  It  is  hoped  that  the  publi- 
cation of  even  an  incomplete  map  will  be  found  acceptable 
to  the  people  of  the  state. 

Explanation  of  Base  Map  and  Color  Scheme —  The  data 
for  the  geographic  base  of  the  Connecticut  geologic  map  of 
1907  were  taken  from  the  United  States  Geological  Survey 
topographic  map  of  the  state,  first  published  in  1893,  on  a 
scale  of  1 :  125,000.  The  principal  difference  lies  in  the 
omission  of  a  large  number  of  names,  small  streams,  and 
some  of  the  roads.  The  roads  are  indicated  by  fine  black 
lines ;  water  is  blue ;  topography  is  shown  by  contour  lines 
with  a  vertical  interval  of  100  feet,  and  is  in  brown.  A 
small  circle  within  a  town  indicates  the  location  of  the  vil- 
lage or  city  which  has  the  same  name  as  the  town.  The 
round  black  dots  on  the  railroads  locate  stations,  and  these 
were  put  on  from  the  time-tables  (January,  1906)  published 
by  the  railroads.  Location  of  quarries  (granite,  sandstone, 
marble,  etc.)  is  shown  by  black  crossed  hammers. 

•  See  page  23. 
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The  color  scheme  adopted  for  the  map  was  devised  with 
reference  only  to  the  geology  of  Connecticut.  Of  the 
thirty-eight  formations  (excluding  the  Triassic)  shown  on 
the  map,  the  geologic  age  of  only  four  has  been  assigned. 
These  four  known  formations  are  all  in  the  Western  Crys- 
tallines, occupying  about  one-third  of  that  area,  so  that 
the  entire  mass  of  the  Eastern  Crystallines  is  of  unknown 
age.  It  did  not  seem  advisable,  therefore,  to  follow  any 
•conventional  color  scheme  for  bringing  out  age  distinctions ; 
and,  instead,  an  attempt  has  been  made  to  make  a  distinc- 
tion between  the  several  principal  groups  of  formations 
petrolog^cally  considered. 
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SUMMARY  OF  GEOLOGICAL  FORMATIONS. 


For  convenience  in  using  the  accompanying  geological 
map,  the  following  brief  statement  is  given  of  the  important 
features  of  the  different  formations.  More  complete  descrip- 
tions are  to  be  found  in  Bulletin  No.  6. 

1.  Poughquag  Quartzite. —  The  formation  consists  of 
two  types:  the  massive  granular,  composed  largely  of 
quartz  and  feldspar;  and  the  schistose,  in  which  a  consid- 
erable amount  of  mica  is  present.  Origin,  sedimentary. 
Age,  Cambrian. 

2.  Stockbridge  Limestone. —  A  light  gray  to  white  mar- 
ble of  medium  grain ;  composed  largely  of  calcite.  At  some 
localities  it  becomes  dolomitic,  passing  into  a  true  dolomite. 
Origin,  sedimentary.    Age,  Cambro-Ordovician. 

3.  Berkshire  Schist. —  Is  generally  a  gray  or  greenish 
gray  muscovite-biotite  schist,  with  rusty  foliation  planes, 
and  usually  closely  folded.  Porphyritic  minerals  developed 
in  the  rock  are  usually  feldspar  and  garnet ;  but  staurolite, 
biotite,  and  tourmaline  also  occur.  Origin,  sedimentary. 
Age,  Upper  Ordovician. 

4.  Becket  Gneiss. —  It  is  light  gray  in  color,  of  firm 
texture,  and  has  a  uniform  banded  structure.  In  many 
places  the  rock  is  highly  quartzose  and  granular.  Included 
within  the  formation  are  many  veins  of  quartz  and  peg- 
matite.   Supposed  to  be  of  pre-Cambrian  age. 

5.  Hartland  Schist. —  Rock  is  everywhere  a  mica  schist 
of  definable  character,  but  exhibits  great  variation  in  tex- 
ture, composition,  and  field  appearance.  Its  aspect  has  been 
rendered  still  more  complicated  by  intrusions  of  igneous 
rock  on  a  large  scale.    Origin,  sedimentary. 

6.  Waterbury  Gneiss. —  It  is  believed  that  this  gneiss 
was  originally  Hartland  schist,  and  that  granitic  intrusions 


Digitized  by  VjOOQIC 


34  CONNECTICUT   GEOL.    AND    NAT.    HIST.    SURVEY.        [Bull. 

and  quartzose  veins  have  penetrated  it  to  such  an  extent 
that  its  original  appearance  is  largely  concealed. 

7.  Milford  Chlorite  Schist. —  For  the  most  part  an  evenly 
foliated,  greenish-  colored  schist.  Quartz  is  an  important 
constituent  in  seams,  lenses,  and  veins.  Small  bands  of  ser- 
pentine occur  in  the  schist.  Was  originally  a  diabase  or 
similar  igneous  rock. 

8.  Orange  Phyllite. —  This  rock  is  a  slate  or  phyllite, 
highly  fissile,  sericitic,  and  usually  dotted  with  minute 
garnets.  Toward  the  west  it  is  more  micaceous,  in  places 
approaching  a  mica  schist ;  and  is  also  frequently  feldspathic. 
Quartz  veins  occur  frequently,  and  lenses  of  quartz  are 
almost  universally  found  in  the  formation.  Believed  to 
have  been  originally  a  shale,  more  or  less  calcareous. 

9.  Prospect  Porphyritic  Gneiss. —  Is  light  gray  in  color. 
The  gneissoid  appearance  is  produced  by  bands  of  granular 
quartz  and  feldspar  interbedded  with  layers  composed 
chiefly  of  biotite.  The  porphyritic  mineral  is  usually  or- 
thoclase,  white  or  pink  in  color,  and  varying  from  one-six- 
teenth inch  to  three  inches  in  length.  The  rock  is  believed 
to  have  been  a  granite  porphyry  intruded  into  the  Hartland 
schist. 

10.  Bristol  Granite-gneiss. —  Typical  rock  is  light  gray, 
with  gneissoid  structure  more  or  less  developed  by  the 
presence  of  layers  of  biotite;  more  schistose  layers  have 
muscovite.  An  evenly  banded  hornblende  gneiss  occupies 
part  of  the  area.  Garnet  is  nearly  always  present,  and  at 
places  rises  to  the  rank  of  a  principal  mineral.  The  rock 
was  originally  a  mass  of  granite  and  diorite  intruded  into 
Hartland  schist. 

11.  Collinsville  Granite-gneiss. —  Two  types  appear  in- 
termingled without  order  —  a  light  gray,  heavy-bedded 
rock,  grading  into  massive  granite ;  and  a  very  dark  gray  to 
black  variety,  which  grades  by  imperceptible  stages  into 
evenly  banded  hornblende  gneiss.  The  rock  consists  of  feld- 
spar, largely  orthoclase,  quartz  in  irregular  grains,  and  bio- 
tite. Was  originally  granite  and  diorite  intruded  into  Hart- 
land schist. 

12.  Brookfield  Diorite. —  Is  usually  massive,  but  shows 
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also  gneissoid  and  even  schistose  phases.  Both  light  and 
dark  types  are  present,  the  former  containing  much  quartz, 
and  in  extreme  cases  no  dark  mineral  except  biotite.  The 
dark  variety  shows  an  almost  complete  absence  of  quartz, 
and  in  its  place  dark  hornblende.  It  is  an  igneous  mass  in- 
truded into  the  quartzite  and  schists  of  this  region. 

13.  Danbury  Granodiorite-gneiss. —  The  rock  presents 
two  important  facies  —  a  biotite  granite,  and  a  diorite  in 
which  hornblende  becomes  an  important  constituent  and 
quartz  is  less  prominent.  There  are  gradations  between  the 
two  types.  It  is  prevailingly  porphyritic,  with  pink  or  white 
phenocrysts  of  feldspar.  Is  igneous  in  origin,  and  was  in- 
truded prior  to  the  time  when  metamorphic  action  con- 
verted igneous  and  sedimentary  rocks  alike  into  gneisses 
and  schists. 

14.  Thomaston  Granite-gneiss. —  Rock  varies  in  struc- 
ture from  an  almost  massive  granite  to  a  rock  with  distinctly 
schistose  phases.  It  is  of  igneous  origin,  as  shown  by  the 
fact  that  it  often  occurs  as  dikes,  and  fragments  of  other 
rocks  are  included  in  it. 

15.  Glastonbury  Granite-gneiss. —  Two  types:  a  granitic 
biotite  gneiss  or  a  biotite  granite,  in  a  narrow  band  along  the 
eastern  border;  and  a  darker,  well  foliated  gneiss,  with 
biotite,  hornblende,  and  epidote,  in  the  remainder  of  the 
area.  Both  massive  and  schistose  phases  sometimes  be- 
come augen-gneiss.     Believed  to  be  of  igneous  origin. 

16.  Bolton  Schist. —  Is  a  silvery  sericite  schist,  showing 
considerable  variation  in  character,  and  includes  gneissoid 
bands,  as  well  as  beds  of  quartzite  and  marble.  Besides 
feldspar,  quartz,  muscovite,  and  sericite,  the  rock  contains 
garnet,  biotite,  and  staurolite  in  abundance.  Origin,  sedi- 
mentary. 

17.  Monson  Granite-gneiss. —  Where  typically  exposed, 
the  rock  is  a  fine-grained,  dark  gray,  uniform  biotite-horn- 
blcnde  gneiss,  marked  at  short  intervals  by  parallel  seams 
of  quartz,  and  with  bands  of  biotite  and  hornblende.  It  is 
believed  to  be  of  igneous  origin. 

18.  Brimfield  Schist. —  The  typical  rock  is  rusty,  dark  or 
purplish  in  color,  showing  great  variation  in  the  devclop- 
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ment  of  schistosity.  Feldspar,  quartz,  biotite,  and  garnet 
are  the  common  constituents,  with  sillimanite  and  graphite 
in  small  amounts.    Origin,  sedimentary. 

19.  Eastford  Granite-gneiss. —  In  general,  a  light  or  dark 
gray  gneiss,  fine-grained,  or  in  places  even  porphyritic.  The 
composition  and  texture  show  the  rock  to  be  of  igneous 
origin. 

20.  Woodstock  Quartz  Schist. —  It  varies  in  character 
from  an  almost  pure  quartzite  to  a  mica  schist  with  abun- 
dant quartz  grains.    Origin,  sedimentary. 

21.  Pomfret  Phyllite. —  Where  typically  developed,  it  is 
well  foliated,  the  foliation  planes  being  made  of  minute 
flakes  of  mica,  which  give  the  rock  a  purplish  tone  and  silky 
luster.    Origin,  sedimentary. 

22.  Putnam  Gneiss. —  The  formation  is  extremely  vari- 
able in  texture,  and  sometimes  in  composition.  It  consists 
of  bands  of  schist,  gneiss,  quartzite,  and  igneous  intrusions 
in  great  variety.  In  texture  the  rock  varies  from  a  com- 
pact, bluish  black  slate  and  quartzite,  through  fine  black 
schist,  to  coarse,  gray,  quartzose  schist  and  feldspathic 
gneiss.  In  composition  the  formation  shows  gradations 
from  a  hornblende-biotite  schist,  with  little  or  no  feldspar, 
through  a  quartz-biotite  schist  and  gneiss,  to  a  quartzite. 
Origin,  sedimentary. 

23.  Plainfield  Quartz  Schist. —  See  Woodstock  Quartz 
Schist,  No.  20. 

24.  Sterling  Granite-gneiss. —  The  rock  is  pink  or  gray 
in  tone,  and  is  made  up  of  two  distinct  types :  a  porphyritic 
gneiss,  with  an  abundance  of  biotite  along  foliation  planes ; 
and  an  apHte,  or  granite-gneiss  practically  free  from  mica. 
The  porphyritic  type  is  always  highly  gneissoid,  and  the 
phenocrysts  of  pink  feldspar  are  drawn  out  into  lenticular 
forms.  Where  phenocrysts  are  absent  the  rock  shades  into 
a  normal  granite,  which  is  intermediate  between  the  two 
above  mentioned  types.  The  apHtic  type  is  probably  a 
later  intrusion  than  the  porphyritic  and  normal  types.  Or- 
igin, igneous. 

25.  WilHmantic  Gneiss. —  In  general,  the  rock  is  coarse- 
grained, and  often  porphyritic  in  structure,  usually  consider- 


Digitized  by  VjOOQIC 


No.  7.]         PRELIMINARY  GEOLOGICAL  MAP  OF  CONN.  37 

ably  crumpled  and  folded.  There  are  two  varieties,  the  light 
and  the  dark.  The  light  variety  consists  of  quartz,  feldspar, 
and  biotite,  in  the  proportions  of  a  normal  granite.  The 
dark  variety  contains  a  relatively  smaller  amount  of  feldspar 
and  quartz,  with  a  larger  amount  of  biotite  and  some  horn- 
blende.   Origin,  igneous. 

26.  Hebron  Qneiss. —  Where  typically  developed,  the 
rock  is  a  fine-grained,  finely  foliated  gneiss,  with  usually 
a  relatively  small  amount  of  feldspar.  As  a  whole,  however, 
it  has  milch  variety  of  character,  not  only  in  the  nature  of 
its  minerals  but  in  their  arrangement  as  Avell.  It  varies 
from  granitic  gneiss  to  highly  fissile  schist,  and  it  is  only 
when  the  entire  area  is  considered  that  the  term  gneiss 
seems  appropriate.    Believed  to  be  of  sedimentary  origin. 

27.  Scotland  Schist. —  It  is  a  coarse  muscovite  schist. 
The  rock  practically  consists  of  muscovite  with  some  bio- 
tite, and  occasionally  garnet  and  quartz.  The  quartz  gener- 
ally occurs  as  seams  and  lenses  an  inch  or  less  in  width. 
Origin,  sedimentary. 

28.  Canterbury  Granite-gneiss. —  The  formation  consists 
essentially  of  a  muscovite-biotite  gneiss,  varying  in  texture 
from  a  fine,  even-grained  rock,  to  a  porphyry  with  feldspars 
a  quarter  of  an  inch  or  so  in  length.  Metamorphism  has 
produced  irregular  wavy  bands  of  biotite  separated  by  flat- 
tened layers  of  quartz  and  feldspar.    Origin,  igneous. 

29.  Middletown  Gneiss. —  This  formation  is  not  a  unit. 
Where  least  injected  with  amphibolite  and  granite,  it  is  a 
fine-grained,  light  gray  to  greenish,  thin-bedded  gneiss.  In 
many  places  its  composition  is  very  complex.  Is  presumably 
the  contact  zone  between  the  Haddam  Granite-gneiss  and 
the  surrounding  formations. 

30.  Maromas' Granite-gneiss. —  It  is  in  some  places  mass- 
ive, but  usually  well  foliated.  Composition  is  that  of  a  nor- 
mal granite.  (See  Sterling  Granite-gneiss,  No.  24.)  This 
rock  is  eruptive,  and  intruded  into  the  Bolton  schist. 

31.  Haddam  Granites-gneiss. —  It  is  a  light  colored, 
rather  fine-grained,  granitic  aggregate  of  quartz  and  feld- 
spar, through  which  are  scattered  small  isolated  flakes  of 


Digitized  by  VjOOQIC 


38  CONNECTICUT   GEOL.   AND    NAT.    HIST.   SURVEY.        [Bull. 

biotite.  In  the  outcrops  the  rock  is  a  moderately  thick-bedded 
gneiss.    Origin,  igneous. 

32.  Branford  Granite-gneiss. — The  rock  is  a  medium- 
grained  granite  with  a  banded  structure,  consisting  very 
largely  of  white  feldspar.  In  the  feldspars  are  imbedded 
small  round  quartz  grains,  and  biotite  is  also  present  in 
about  equal  amount.  Small  reddish  garnets  commonly  oc- 
cur, but  may  fail  entirely.  The  rock  has  a  pronounced  ten- 
dency to  weather,  with  a  brownish  stain  on  the  cleavage 
surfaces  of  the  feldspar.    Origin,  igneous. 

33.  Stony  Creek  Granite-gneiss. —  See  Sterling  Granite- 
gneiss,  No.  24. 

34.  Lyme  Granite-gneiss. —  See  Sterling  Granite-gneiss, 
No.  24. 

35.  New  London  Granite-gneiss. —  See  Sterling  Granite- 
gneiss,  No.  24. 

36.  Mamacoke  Gneiss. —  The  rocks  occupying  the  larger 
areas  of  this  formation  are  decidedly  gneissic,  sometimes 
containing  much  biotite,  and  more  rarely  hornblende,  and 
are  frequently  very  granitic  in  appearance.  The  typical  rock 
is  uniformly  medium-grained,  light  to  dark  gray  in  color, 
and  consists  of  white  feldspar  and  quartz,  with  brilliant 
black  mica,  and  sometimes  small  amounts  of  hornblende  and 
garnet.  The  dark  minerals  constitute  about  one-third  of 
the  rock,  but  the  range  in  both  directions  is  considerable ; 
in  one  case  giving  rise  to  a  biotite  gneiss,  in  the  other  a 
granitic  one.    Origin,  igneous. 

37.  Preston  Gabbro-diorite. —  A  dark  colored  rock,  mass- 
ive, in  places  porphyritic,  ranging  in  composition  from  gab- 
bro,  through  normal  diorite  to  quartz  diorite.  A  deep-seated 
igneous  mass  exposed  to  view  by  erosion. 

38.  Amphibolite. —  In  nearly  all  cases  it  has  a  distinct 
gneissoid  structure,  and  is  composed  in  large  part  of  por- 
phyritic feldspar  and  green  hornblende,  with  a  subordinate 
amount  of  quartz. 

39.  See  42. 

40.  Sandstone. —  Sedimentary  rock  of  Triassic  age,  in- 
cluding shales,  sandstones,  conglomerates. 
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41.  Basalt. —  Dark  colored  "  trap  "  rock  of  Triassic  age, 
occurring  as  lava  flows  interbedded  with  sandstones. 

42.  Diabase. —  Dark  colored  "  trap  "  rock,  occurring  as 
dikes  and  sheets  intruded  into  sandstone  and  crystalline 
rock.    Probably  all  of  Triassic  age. 
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PREFACE. 


During  the  past  five  years  the  undersigned  has  had  occasion 
to  examine  critically  the  geological  literature  of  Gnmecticut. 
The  list  of  papers  read,  and  the  notes  made  during  these  years, 
are  here  presented,  with  the  hope  that  they  may  be  useful  to 
students  interested  in  the  subject 

The  list  of  titles  is  believed  to  be  practically  complete  to 
January,  1906,  and  a  few  papers  of  more  recent  date  have  been 
added.  Articles  in  the  local  newspapers,  and  descriptions  in 
text-books  have  been  omitted. 

In  preparing  the  notes  an  effort  has  been  made  wherever 
practicable  to  give  the  author's  main  conclusions,  instead  of 
describing  the  table  of  contents.  This  is  not  attempted  with 
the  larger  and  more  general  works.  With  the  exception  of  a 
few  instances,  no  attempt  has  been  made  to  estimate  the  value 
of  the  various  papers,  and  some  have  been  included  because 
of  their  historic  interest.  A  list  of  geological  maps,  including 
those  used  as  illustrations  accompanying  reports,  follows  the 
list  of  papers.  The  articles  catalogued  are  ntunbered  serially. 
Numbers  from  500  upward  j^re  used  for  the  maps. 

Thanks  are  due  to  Mr.  Freeman  Ward  for  valuable  and 
expert  assistance  in  preparation  of  the  notes,  and  to  Miss 
Elfreda  Cutting  and  Miss  Lucy  Bush  for  assistance  in  prepara- 
tion of  the  Index. 

The  writer  will  be  pleased  to  receive  notice  of  errors  in  this 
bulletin,  especially  of  omitted  articles. 

HERBERT  E.  GREGORY. 
New  Haven,  April,  1907. 
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Am,  Acad.  Arts  Set.,  Mem,  Memoirs  of  the  American  Academy  of 
Arts  and  Sciences. 

Am.  Assoc,  Adv,  Set,,  Proc.  Proceedings  of  the  American  Association 
for  the  Advancement  of  Science. 

Am  Geol.    The  American  Geologist. 

Am,  Inst,  Min,  Eng.,  Trans,  Transactions  of  the  American  Institute  of 
Mining  Engineers. 

Am,  Jour.  Set,    The  American  Journal  of  Science. 

Am.  Min.  Jour.    The  American  Mineralogical  Journal. 

Am,  Nat,    The  American  Naturalist. 

Am.  Phil.  Soc,  Proc.  Proceedings  of  the  American  Philosophical  So- 
ciety. 

Trans.    Transactions  of  the  American  Philosophical  Society. 

Assoc.  Am.  Geol,  Trans,  Transactions  of  the  Association  of  Ameri- 
can Geologists. 

Atlantic  Mon,    The  Atlantic  Monthly. 

B 
Boston  Soc.  Nat.  Hist,, .  Bifm./  M€m6irs  of  the  Boston  Society  of 

Natural  History. 
—  —  Proc.    Proceedings  of  the  Boston  Society  of  Natural  History. 
British  Assoc.  Adv,  Sd,,  Rept,    Report  of  the  British  Association  for 

the  Advancement  of  Science. 


Can.  Nat.    The  Canadian  Naturalist. 

Can.  Rec.  Sci,    The  Canadian  Record  of  Science. 

Censtts  of  U,  S,,  Rept,    Report  of  the  Census  of  the  United  States. 

Cincinnati  Soc.  Nat.  Hist,,  Jour,  Journal  of  the  Cincinnati  Society 
of  Natural  History. 

Connecticut  Acad,  Arts  Sci.,  Mem.  Memoirs  of  the  Connecticut  Acad- 
emy of  Arts  and  Sciences. 

Trans,    Transactions  of  the  Connecticut  Academy  of  Arts  and 

Sciences. 

Connecticut  Board  Agric,  Rept,  Report  of  the  Connecticut  Board  of 
Agriculture. 
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Connecticut  Mag,    The  Connecticut  Magazine. 
Connecticut  Quart,    The  Connecticut  Quarterly. 
Connecticut  Sch,  Doc,    Connecticut  School  Document. 
Connecticut  State  Geoi  Nat,  Hist.  Surv.,  Bull,    Bulletin  of  the  Con- 
necticut State  Geological  and  Natural  History  Survey. 

E 
Eclectic  Mag.i  The  Eclectic  Magazine  of  Foreign  Literature,  Science, 

and  Art. 
Eng.  Min.  Jour,    Engineering  and  Mining  Journal. 

G 

Geol.  Mag.    The  Geological  Magazine. 

Geol.  Soc.  America,  Bull.  Bulletin  of  the  Geological  Society  of 
America. 

Geol.  Soc.  London,  Proc.  Proceedings  of  the  Geological  Society  of 
London. 

Quart,  Jour,    The  Quarterly  Journal  of  the  Geological  Society 

of  London. 

Geol.  Surv.  Pennsylvania  (2d),  Kept.  Report  of  the  Second  Geologi- 
cal Survey  of  Pennsylvania. 

Geol.  Surv.  Wisconsin.    Geological  Survey  of  Wisconsin. 

Geol.  Massachusetts,  Final  Kept.  Final  Report  of  the  Geology  of 
Massachusetts. 

Geol.  New  Hampshire.    Geology  of  New  Hampshire. 

Geol.  Pennsylvania.    Geology  of  Pennsylvania. 

I 
Internat.  Cong.  Geol.,  Kept.  Am.  Comm.    International   Congress  of 
Geologists,  Report  of  the  American  Committee. 

J 
Johns  Hopkins  Univ.  Circ,    Johns  Hopkins  University  Circulars. 
Jour.  Geol.    The  Journal  of  Geology. 

Jour.  Phys.  Chim,  Journal  de  Physique,  de  Chimie,  et  de  I'Histoire 
Naturelle,  ,par  J.  C.  de  La  Metherie. 

L 
Leonhard,  Zeitsch.     Zeitschrift  fiir  Mineralogie,  von  K.  C.  von  Leon- 
hard. 

M 
Macfarlane's  Am.  Geol.  R.  R.  Guide.    An  American  Geological  Rail- 
way Guide,  by  James  MacFarlane. 
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Mitriden  Set.  Assoc,  Trans.    Transactions  of  the  Meriden  Scientific 

Association. 
Min.  Mag.^  Jour.  Min.  Soc.  London.    The  Mineralogical  Magazine  and 

Jolirnal  of  the  Mineralogical  Society  of  London. 
M(fH:  Weath.  Rev.    The  Monthly  Weather  Review. 
Mus.  Comp.  ZooL,  Bull.     Bulletin   of  the   Museum  of  Comparative 

Zoology,  Harvard  University. 

N 
Nat.  Acad.  Sci,  Biog.  Mem.    Biographical  Memoirs  of  the  National 

Academy  of  Sciences. 

Mem.    Memoirs  of  the  National  Academy  of  Sciences. 

Nat.  Geog.  Mon.    National  Geographic  Monographs. 

New  York  Acad.  Set.,  Ann.    Annals  of  the  New  York  Academy  of 

Sciences. 

Trans.    Transactions  of  the  New  York  Academy  of  Sciences. 

Niues  Jahrh.    Neues  Jahrbuch  fur  Mineralogie,  Geologie,  und  Palaeon- 

tologie. 

P 

Petermann,  Mittheil.  Mittheilungen  aus  Justus  Perthes*  Geograph- 
ischer  Anstalt  iiber  wichtige  neue  Erforschungen  auf  dem  Ge- 
sammtgebiete  der  Geographic,  von  A.  Petermann, 

Phil.  Mag.    The  Philosophical  Magazine. 

Pop.  Set.  Mon.    The  Popular  Science  Monthly. 

S 
Sch.  Mines  Quart.    The  School  of  Mines  Quarterly. 
Scient.  Am.  Supp.    Scientific  American  Supplement. 
Smithson.  Contr.  Knowl.    Smithsonian  Contributions  to  Knowledge. 

Report.     Annual  Report  of  the  Smithsonian  Institution. 

Soc.  giol.  France,  Bull.    Bulletin  de  la  Societe  g^ologique  de  France. 

T 
Tech,  Quart.    The  Technology  Quarterly  and  Proceedings  of  the  So- 
ciety of  Arts. 

U 

U.  S.  Dept.  Agric,  Bur.  Soils,  Rept.  Field  Oper.  United  States  De- 
partment of  Agriculture.  Bureau  of  Soils.  Report  of  the  Field 
Operations  of  the  Bureau  of  Soils. 

U.  S.  Geol.  Surv.,  Ann.  Rept.  Annual  Report  of  the  United  States 
Geological  Survey. 

Bull.    Bulletin  of  the  United  States  Geological  Survey. 
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GeoL  Atlas  U.  S.  Geologic  Atlas  of  the  United  Sutes  Geologi- 
cal Survey. 

Min.  Res.  U.  S.    Mineral  Resources  of  the  United  States. 

Mon.    Monographs  of.  the  Uflited  States  G«&logiail  iSarrey. 

Prof.  Paper,    Professional  Paper  ^of^the  United  States  Geological 

Surv^. 

Water-Supp,  and  Irr,  Paper.    Water-Supply  and  Irrigation  Paper. 

U.  S.  Nat.  Mus.,  Proc.  Proceedings  of  the  United  Sutes  National 
Museum. 
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BfBMOGRAPHY. 


AgassU,  J.  L.  R. 

On  the  age  of  the  Connecticut  valley  sandstones. 

Boston  Soc.  Nat.  Hist.,  Proc,  iii,  33^,  337»  i^SO. 

Exception  taken  to  Dr.  Jackson's  statement  that  the  Connecticut 
sandstones  are  of  Silurian  a^e.  Evidence  of  fossil  fishes  places  the 
formation  much  later  in  geological  time. 

Agmnz,  J.  L.  R. 

On  Marcou's  "  Geology  of  North  America." 

Am.  Jour.  Sci.,  (2)  xxvii,  I34-I37.  1859. 

Defense  of  Marcou*s  good  intentions  and  of  some  of  his  statements. 

Akerly,  S. 

Geology  of  the  Hudson  river  and  vicinity.  69  pp.,  I  pi., 
New  York,  1820. 

Questions  Old  Red  Sandstone  age  of  Connecticut  rirer  sandstone. 

Barbour,  B.  H. 

_  The  ancAfip^t' li^habitants  of  ^the  Connecticut  valley. 
Connecticut.  Almanac,  37-58^46  figa^  i880.~     * 
A  popular  account  of  the  tracks  and  other  impressions  occurring  in 

the  sandstone  of  Connecticut  and  Massachusetts. 

Benjamin,  H.  W. 

Scenes  in  and  around  Granby. 
Connecticut  Quart.,  i,  139,  140,  1895. 
Describes  old  copper  mine  and  Newgate  prison. 

Blake,  W.  P. 

Review  of  a  portion  of  the  geological  map  of  the  United 
States  and  British  provinces  by  Jules  Marcou. 
Am.  Jour.  Sci.,  (2)  xxii,  383-388,  1856. 

Enumeration  and  correction  of  numerous  errors  made  by  Maroou 
in  the  above  work. 

Blake,  W.  P. 

Glacial  phenomena  of  Mill  Rock  near  New  Haven. 
Science,  i,  146,  147,  1883. 

Rock  marked  by  steep  south  slope,  gentle  north  slope;  by  rounding, 
grooving,  polishing. 
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8.  Bowman,  H.  L. 

On  an  occurrence  of  minerals  at  Haddam  Neck,  Con- 
necticut, U.  S.  A. 

Min.  Mag.  Jour.  Min.  Soc.  London,  xiii,  97-121,  4  figs., 
I  pL,  1902.  -^  c    ' ; 

Review:  U.  S.  Geol,  Surv.,  Min.  Res.  U.  S.  841,  842,  1902. 

Deposit  is  in  vein  of  very  coarse  granite.  The  tourmalines  and 
associated  minerals  occur  in  pockets  lined  with  crystallized  quartz  and 
feldspar,  and  sometimes  beryl.  The  following  minerals  are  described 
mineralogically,  chemically,  crystallographically,  also  in  regard  to  their 
optical  properties:  —  green  and  pinl(  tourmaline,  albite,  microcline, 
green  '  and  pink  apatite,  brown  fluor,  beryl,  quartz,  cookeite,  lilac 
lepidolite,  gretoisb  white  muscovite,  and  a  peculiar  pink  fibrous  variety 
of , the  .same,  mineral.  Other  minerals:  —  green  fluor,  micrplite,  colum- 
hit«. 

9.  Brace,  J.  P. 

Observations  of  the  minerals  connected  with  the  pneis* 
range  of  Litchfield  county,  Connecticut.  '     '• 

Am.  Jour.  Sci.,  (i)  i,  351-355.  1819. 

Location  of  the  gneiss  formation  'and  its  relation  to  the  limestone,  por- 
phyritic  granite  or  gneiss,  and  mica  slate.  Brief  mention  of  minerals 
found  in  the  region;  carbonate  of  lime  over  the  whole  region;  cyanite  or 
sappar,  especially  at  Harwinton  and  Litchfield;  staurotide;  quartz; 
petrosilex,  common  in  Litchfield  and  Gcfthen;  common  opal,  in  Litch- 
field; rarely  mica;  schorl;  feldspar;  beryl;  garnets;  epidote,  in  Washing- 
ton and  Litchfield;  tremolite,  in  Litchfield,  Bethlehem,  and  Canaan; 
common  asbestos  in  Washington  and  New  Milford;  augite,  in  Litch- 
field; hornblende,  actinolite,  steatite,  chlorite,  and  porcelain  clay,  in 
Litchfield;  graphite,  in  Cornwall;  ores  not  common;  red  oxide  of 
titanium,  sparingly  in  Litchfield." 

10.  Brongniart,  A. 

Miscellaneous    observations    relating    to    geology,    min- 
eralogy, and  some  connected  topics. 
Am.  Jour.  Sci.,  (i)  iii,  216-221,  222-226,  1821. 

Mentions  the  serpentine  of  New^  Haven;  notices  the  strong  re- 
semblance of  the  bituminous  formation  of  Westfield,  near  Middletown, 
to  that  of  the  bituminous  marl  slates  of  the  copper  mines  in  the  coun- 
ties of  Mansfield  and  Hesse  in  Germany;  fish  impressions  in  each  are 
sim'ilar. 

11.  Brush,  G.  J.,  and  Dana,  E.  S. 

On  a  new  and  remarkable  mineral  locality  at  Branch- 
ville  in  Fairfield  county,  Connecticut;  with  a  description 
of  several  new  species  occurring  there. 

Am.  Jour.  Sci.,  (3)  xvi,  33-46,  1 14-123,  1878;  xvii,  359- 
368,  1879;  xviii,  45-50,  1879;  XX,  257-284,  1880:  xxix,  201- 
216,  1890. 

Description  of  the  physical  characteristics,  crystalline  form,  optical 
properties,   chemical   composition,   and   pyrognostics   of   various   minerals 


Digitized  by  VjOOQIC 


No.   8.]        BIBLIOGRAPHY   OF    CONNECTICUT   GEOLOGY.  1 3 

obtained  from  a  single  vein  of  albitic  granite  at  Branchville.  The  fal- 
lowing is  a  list  of  the  minerals  found:  Albite,  quartz,  muscovite,  micro- 
cline,  damourite,  spodumene  (and  its  alteration  products),  cymatolite, 
apatite,  microlite,  columbite,  garnet,  tourmaline,  staurolite,  eotphorite, 
dickinsonite,  triploidite,  rhodocbrosite,  reddingite,  amblygonite  (hebron- 
ite),  vivianite,  lithiophilite,  uraninite,  fairfieldite,  fillowite,  chabazite, 
killinite,  natrophilite,  hureaulite. 

12.  Burr,  H.  T. 

Physical  geography  of  the  Connecticut  lowland. 
Connecticut  Sch.  Doc,  No.  251,  1-17,  8  figs.,  1904. 

The  Triassic  area  of  Connecticut  is  made  up  of  sandstones  deposited 
in  a  narrow  estuary,  lavas,  and  intrusive  rocks.  The  present  topography 
is  the  result  of  faulting  and  of  the  establishment  of  streams  on  an 
ancient  peneplain. 

13.  Chapin,  A.  B. 

Junction  of  trap  and  sandstone,  Wallingford,  Connecti- 
cut. 

Am.  Jour.  Sci.,  (i)  xxvii,  104-112,  8  figs,,  1835. 

Maps  of  seven  trap  dikes.  Detailed  description  of  branching  dike, 
contact  phenomena,  included  sandstone  fragments,  etc. 

(An  unusually  clear  and  complete  description  of  effects  of  contact 
metamorphism ;    remarkable  for  this  early  date.  —  Ed.) 

14.  Chapin,  J.  H. 

The  Hanging  Hills. 

Meriden  Sci.  Assoc,  Trans.,  ii,  23-28,   1886. 

Brief  description  of  the  occurrence  of  the  trap  ridges  around  Meriden. 
Brief  review  of  two  theories  for  the  origin  of  the  trap  ridges:  i.  Each 
ridge  was  the  result  of  eruption  through  a  single  vent;  2,  (Davis)  The 
traps  were  contemporaneous  flows,  since  reduplicated  by  strike  faulting. 
The  author  inclines  more  to  No.  1. 

15.  Chapin,  J.  H. 

The  trap  ridges  at  Meriden. 
Meriden  Sci.  Assoc,  Trans.,  iii,  35-36,  1888. 
Brief  mention  of  "  ash  bed  "  in  anterior  sheet  of  Lamentation  Moun- 
tain. 

16.  Chapin,  J.  H. 

The  topographic  survey  of  Connecticut. 
Meriden  Sci.  Assoc,  Trans.,  iv,  51-57,  1890. 
A  description  of  the  method  used  in  making  the  topographic  map  of 
1893- 

17.  Cochrane,  H.  E. 

Rocks  and   minerals   of  Connecticut. 
Connecticut   Sch.    Doc,   No.    104,    1-26,    1895. 

List  of  minerals  and  rocks  found  occurring  in  the  towns  of  the 
state,  arranged  according  to  Shepard's  Minerals  and  Dana's  Mineralogy. 
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18.  Cooper,  T. 

On  volcanoes  and  volcanic  substances,  with  a  particular 
reference  to  the  origin  of  the  rocks  of  the  floetz  trap- 
formation. 

Am.  Jour.  Sci.,  (1)  iv,  204-241,  242-243,  1822. 

Discusses  action  of  water  on  stones  and  earth  of  globe's  crust;  g^es< 
large  number  of  facts  concerning  volcanoes  and  their  products;  proves 
igneous  origin  of  floetz  trap  by  comparison  with  modern  lavas,  etc.,  as< 
disproving  the  Wemerian  theory  that  the  floetz  trap  was  of  aqueous 
origin.  In  this  discussion  the  trap  formations  of  Connecticut  are  usedL 
as  examples. 

19.  Cornish,  R  H. 

Glacial  scratches  in  vicinity  of  Norfolk,  Connecticut. 
Am.  Jour.  Sci.,  (3)  xxxix,  321,  1890. 

Brief  statement  of  direction  of  glacial  striae  in  the  vicinity  of  Nor- 
folk; mean  direction     is  S.  33°  E. 

20.  Crosby,  W.  O. 

Notes  on  the  geology  of  the  sites  of  the  proposed  dams 
in  the  valleys  of  the  Housatonic  and  Ten  Mile  rivers. 
Tech.  Quart.,  xiii,  pp.  120-127,  1900, 

The  Housatonic  river  formerly  flowed  through  the  Ten  Mile  river  anrf 
Swamp  brook,  through  Pawling  into  the  Croton  drainage  system; 
its  present  course  through  the  crystallines  is  due  to  the  fact  that  it 
was  established  on  Cretaceous  strata  sloping  southeastward,  and  has 
since  maintained  its  direction  in  spite  of  later  erosion;  other  changes 
have  taken  place  in  the  river  system,  due  to  Glacial  deposits.  The  site 
of  the  proposed  dam  in  the  Housatonic  valley  is  about  one  mile  south 
of  Merwinsville,  and  of  the  dam  in  the  Ten  Mile  valley  about  one-half 
mile  above  Wcbatuck. 

21.  Dana,  E.  S. 

Trap  rocks  of  the  Connecticut  Valley. 

Am.  Jour.  Sci.,  (3)  viii,  390-392,  1874;  Am.  Assoc.  Adv. 
Sci.,  Proc,  xxiii,  pt.  ii,  45-47,  1874.  Abstract:  Neues 
Jahrb.,  427,  1875. 

Microscopical  and  chemical  description  of  the  Connecticut  traps; 
closely  similar  to  trap  from  Nova  Scotia,  New  Jersey,  Pennsylvania,, 
and  North  Carolina;  composed  of  pyroxene,  labradorite,  and  magnetite,, 
with  chrysolite  and  apatite;  chlorite  is  present  as  alteration  product. 
Two  types:  anhydrous  (West  Rock,  etc.),  and  hydrous  (Saltonstair 
ridge). 

(This  paper  is  "  the  first  important  memoir  in  Petrography  published' 
in  this  country." — Ed.) 

22.  Dana,  E.  S. 

On    the    occurrence    of   garnet    with   the    trap    of    New 
Haven,  Connecticut. 
Am.  Journal  Sci.,  (3)  xiv,  215-218,   1877. 

Description  of  garnets  found  in  the  trap  of  East  Rock  and  Miir 
Rock.  Brief  description  of  the  associated  minerals, —  magnetite,  pyrox- 
ene, opalitc,  and  calcite.     Chemical  analyses  and  drawings. 
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23.  Dana,  B.  S.,  and  Brush,  G.  J. 

On  a  new  and  remarkable  mineral  locality  at  Branch- 
ville  in  Fairfield  county,  Connecticut;  with  a  description 
of  several  new  species  occurring  there. 

Am.  Jour.  Sci.,  (3)  xvi.,  33*46,  114-123,  1878;  xvii,  359- 
368,  1879;  xviii,  45-50,  1879;  XX,  257-284,  1880;  xxix,  201-216,. 
1890. 

See  Brush  and  Dana,  11. 

24.  Dana,  J.  D. 

Origin  of  the  grand  outline  features  of  the  earth. 
Am.  Jour.  Sci.,  (2)  iii,  381-398,  1847, 

Discussion  of  the  general  trends  of  coast  lines,  mountain  ranges,, 
and  groups  of  islands  of  the  globe,  including  peculiarities  of  fissures 
as  Dlustrated  by  Percival's  map  of  the  trap  ranges  ('*  courses  of 
fissures  ")  of  Connecticut. 

25.  Dana,  J.  D. 

On  the  plan  of  development  in  the  geological  history 
of  North  America. 

Am.  Assoc.  Adv.  Sci.,  Proc.,  x,  1-18,  1856;  Am.  Jour.  Sci., 
(2)  xxii,  335-349,  map,  1856. 

Development  of  the  continent  of  North  America,  starting  with  a 
V-shaped  area  around  Hudson  Bay,  by  the  action  of  two  systems  of 
forces,  a  southeast  and  southwest  one.  The  red  sandstones  of  Con- 
necticut indicate  the  water  line  in  the  Jurassic  period. 

26.  Dana,  J.  D. 

[Review  of]  "  Illustrations  of  Surface  Geology,"  by 
E.  Hitchcock. 

Am.  Jour.  Sci.,  (2)  xxiv,  430-433»   1857. 

Summary  of  a  general  discussion  of  terraces.  Hitchcock  speaks  of 
a  **  terrace  epoch,"  when  the  terraces  of  the  Connecticut  river  were 
made  by  the  ocean,  as  the  result  of  a  general  submergence  and  a 
gradual  re-elevation  of  the  continent. 

27.  Dana,  J.  D. 

[Review  of]  "  Geology  of  North  America,"  by  J.  Marcou. 
Am.  Jour,  Sci.,  (2)  xxvi,  323-334»  1858. 

Exposure  and  criticism  of  numerous  incorrect  statements  made  by 
Marcou  in  the  above  work. 

28.  Dana,  J.  D. 

Reply  to  Prof.  Agassiz  on  Marcou's  "  Geology  of  North 
America." 

Am.  Jour.  Sci.,  (2)  xxvii,  137-140,  1859. 
Criticism  of  Marcou's  errors  and  unfairness. 
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ag.    Dana,  J.  D. 

On  the  geology  of  the  New  Haven  region,  with  especial 
reference  to  the  origin  of  its  topographic  features. 
Am.  Jour.  Sci.,  (2)  xlix,  275,  1870. 
Topographic  features  produced  by  glaciers  rather  than  by  icebergs. 

3a    Dana,  J.  D. 

Excursion  to  Hanging  Hills  of  Meriden. 

History  of  Wallingford,  by  C.  H.  S.  Davis, -53-56,  1870. 

The  scenery  and  geological  features  of  the  Meriden  region  are 
described.  The  Quinnipiac  and  the  Connecticut  rivers  owe  their 
altered  courses  to  the  eruption  of  trap;  the  smaller  streams  were  affected 
by  post-Tertiary  elevation.  Between  Berlin  and  Wallingford  are 
eight  fractures  from  which  liquid  rock  issued.  Only  a  small  amount  of 
rock  has  been  worn  by  glaciers  from  the  summits  of  the  Hanging  Hills. 

31.  Dana,  J.  D. 

On  the  Quaternary,  or  post-Tertiary,  of  the  New  Ha- 
ven region. 

Am.  Jour.  Sci.,   (3)  i,   1-5,   125,   126,   1871. 

The  drift  of  the  New  Haven  region  was  the  result  of  glacier  rather 
than  iceberg  action;  the  Connecticut  valley  glacier  was  but  the  inferior 
portion  of  the  great  continental  glacier. 

32.  Dana,  J.  D. 

[Review  of]  "  Historical  notes  of  the  earthquakes  of 
New  England,  1638-1869,"  by  W.  T.  Brigham. 

Am.  Jour.  Sci.,  (3)  i,  304,  305,  1871. 

227  earthquakes  recorded  since  1638.  Dana  calls  attention  to  the 
fact  that  volcanoes  and  earthquakes  are  not  necessarily  related. 

33.  Dana,  J.  D. 

On  the  Connecticut  river  valley  glacier,  and  other  ex- 
amples of  the  glacier  movement  along  the  valleys  of  New 
England. 

Am.  Jour.  Sci.,  (3)  ii,  233-243,  1871. 

Great  valley  depressions,  as  the  Connecticut  valley,  influenced  the 
direction  of  the  flow  of  the  continental  glacier;  in  such  valleys  the  ice 
movement  was  in  the  general  direction  of  the  valley. 

34.  Dana,  J.  D. 

Triassic  sandstone  of  the  Palisade  ranges. 
Am.  Jour.  Sci.,  (3)  ii,  459,  460,  187 1. 

The  Connecticut  sandstone  contains  orthoclase,  and  the  New  Jersey 
sandstones  contain  albite. 

35.  Dana,  J.  D. 

Green  mountain  geology.     On  the  quartzite. 

Am.  Jour.  Sci.,  (3)  iii,  179-186,  250-256,  1872. 

Description  of  the  quartzite  of  Canaan,  Connecticut,  Poughquag, 
New  York,  etc.,  and  its  general  relation  to  the  Green  mountain 
quartzite,  the  crystalline  limestone,  and  metamorphic  schist;  at  Canaan 
the  quartzite  unconfomably  underlies  the  limestone. 
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36.  Dana,  J.  D. 

The  character  of  trap  near  New  Haven. 
Am.  Jour.  Sci.,  (3)  iv,  237,  1872. 

Essential  identity  of  the  New  Haven  trap  and  Palisade  (New  Jersey) 
trap;  iron  in  them  is  magnetic. 

37.  Dana,  J.  D. 

On  the  quartzite,  limestone  and  associated  rocks  of  the 
vicinity  of  Great  Barrington,  Berkshire  county,  Massa- 
chusetts. 

Am.  Jour.  Sci.,  (3)  iv.,  362-370,  450-453,  map,  1872; 
V,  47-53,  84-91,  1873;  vi,  257-278,  1873. 

Description  and  general  relations  of  the  mica  schist,  gneiss,  quartzite, 
and  limestone  of  Canaan,  South  Canaan,  and  Falls  Village;  mention  of 
the  chl9ritic  mica  slate  of  the  New  Haven  region,  and  the  Taconic 
slates  of  Salisbury  and  Mount  Washington. 

38.  Dana,  J.  D. 

On  the  geology  of  the  New  Haven  Region,  with  special 
reference  to  the  origin  of  some  of  its  topographic  fea- 
tures. 

Connecticut  Acad.  Arts  Sci.,  Trans.,  ii,  45-112,  map,  1873. 

Description  of  the  main  geological  features  of  the  region.  Geological 
events  previous  to  the  Glacial  period,  forming  of  sandstone  and  trap 
areas,  subsequent  elevation,  erosion,  etc.  The  Glacial  period  —  con* 
ditions  and  results;  events  of  post-Glacial  time;  various  changes  in 
level  of  the  area;  structure  of  the  New  Haven  plain. 

39.  Dtaa,  J.  D. 

On  the  Glacial  and  Champlain  eras  in  New  England.     ' 
Am.  Jour.  Sci.,  (3)  v,  198-211,  217-219,  1873. 

Summary  of  the  facts,  theories,  and  conclusions  concerning  the 
Glacial  history  of  New  England. 

40.  Dana,  J.  D. 

On  staurolite  crystals  and  Green  mountain  gneisses  of 
the  Silurian  age. 

Am.  Assoc.  Adv.  Sci.,  Proc,  xxii,  pt.  ii,  25-27,  1873;  Am. 
Nat.,  vii,  658-670,  1873;  Can.  Nat.  (new  ser.),  vii,  163,  1875. 

Mention  of  staurolite  crystals,  associated  with  garnet  and  their  oc* 
currence  in  mica  schist  which  overlies  the  Stockbridge  limestone  at  Falls 
Village.-  Facts  drawn  from  the  alternation  of  quartzite,  limestone,  gneiss 
or  mica  schist,  showing  that  all  old-looking  Green  mountain  gneisses 
are  not  pre*Silurian,  and  that  the  presence  of  staurolite  is  no  evidence 
of  a  pre-Silurian  age. 

41.  Dana,  J.  D. 

On  southern  New  England  during  the  melting  of  the 
great  glacier. 

Am.  Jour.  Sci.,  (3)  x,  168-183,  280-282,  353-357,  409-438, 
497-508,  1875;  xi,  178-180,  1876;  xii,  125-128,  1876. 
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Evidence  of  a  flood  from  the  melting  of  the  glacier.  Origin  of  the 
stratified  estuary  deposits  of  the  New  Haven  plain;  absence  of  marine 
life  from  these  deposits.  Discovery  pi  reindeer  bones  in  the  clay  of 
the  Quinnipiac  valley*  between  New  Haven  and  North  Haven.  Dis^ 
cussion  of  the  depression  of  the  land  and  amount  of  subsequent  ele- 
vation,  through  evidence  furnished  by  terraces,  estuary  deposits,  etc., 
in  the  river  valleys  of  southern  New  England,  especially  in  the  New 
Haven  region;  the  Connecticut  valley  before  the  glacial  flood,  when  it 
overflowed  its  course  in  several  places  (in  Connecticut,  at  Meriden). 
Damming  of  streams  by  drift  ice  during  the  melting  of  the  great 
glacier.  Discharge  of  the  flooded  Mill  river  into  the  Quinnipiac,  and 
the  effect,  as  registered  in  the  drift  deposits  of  the  New  Haven  plain. 

42.  Dana,  J.  D. 

On  the  damming  of  the  streams  by  drift  ice  during  the 
melting  of  the  great  glacier. 
Am.  Jour.  Sci.,  (3)  xi,  178-180,  1876. 

Discussion  of  former  ice  dams  at  the  narrows  of  several  Connccti- 
cut  rivers;  evidenced  by  terraces.  The  Thames,  Connecticut,  Housa* 
tonic,  Westfield,  Farmington  rivers  are  considered. 

43.  Dana,  J.  D. 

On  the  relations  of  the  geology  of  Vermont  to  that  of 
Berkshire. 

Am.  Jour.  Sci.,  (3)  xiv,  37-48,  132-140,  202-207,  257-264, 
1877. 

The  geology  of  the  limestone  region  of  the  Green  mountains  (in- 
cluding northwestern  Connecticut);  stratigraphical  relations  of  the  lime- 
•  stones,  quartzite,  and  schists,  and  the  abundant  occurrence  of  iron.  Con- 
clusions as  to  the  chronological,  lithological,  and  orographic  relations  of 
the  formations. 

44.  Dana,  J.  D.  , 

On  "  indurated  bitumen  "  in  cavities  in  the  trap  of  the 
Connecticut  Valley.  From  the  report  on  the  geology  of 
Connecticut,  by  Dr.  J.  G.  Percival. 

Am.  Jour.  Sci.,  (3)  xvi,  130-132,  1878. 

Brief  discussion  of  the  origin  of  the  "  indurated  bitumen  "  described 
by  Percival  as  occurring  in  the  amygdaloidal  trap  at  Farmington,  New 
Britain,  Southbury,  Rocky  Hill,  and  Hartford;  **  bitumen "  was  dis- 
tilled  from  the  bituminous  shales  and  limestones  of  the  Triassic.  (See 
Russell,  250.) 

45.  Dana,  J.  D. 

On  some  points  in  lithology. 

Am.  Jour.  Sci.,  (3)  xvi,  335-343»  431-440,  1878;  Can.  Nat., 
(new  ser.)  ix,  40-48,  80-91,  1878. 

Consideration  and  criticism  of  the  value  of  some  of  the  distinctive 
characters  which  are  generally  accepted  at  the  present  time,  in  defining 
certain  kinds  of  rocks:  x.  "Older**  and  "younger'*;  2.  Foliated  or 
not;  3.  Porphyritic  structure;  4.  Containing  quartz  or  not;  5. 
Containing  **  plagioclase  *' ;  6.  Rocks  consisting  of  a  triclinic  feldspar 
and    mica;     7.  Homblendic    or    augitic;     8.  Massive    or    schistose;     9. 
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Metamorphic  or  eruptive.  Many  illustrations  from  Connecticut  locali- 
ties, including  labradiorite,  diorite  schist,  and  porphyritic  granite*  New 
Haven;    granite.   Stony  Creek;  limestone,  Canaan. 

46.  Dana,  J.  D. 

[Review  of]  "  On  the  physical  history  of  the  Triassic 
formation  in  New  Jersey  and  the  Connecticut  valley,"  by 
I.  C.  Russell. 

Am.  Jour.  Sci.,  (3)  xvii,  328-330,  1879. 

Objection  to  Russell's  statement  that  the  Connecticut  knd  New  Jersey 
Triassic  areas  are  the  opposite  parts  of  a  once  continuous  anticline 
with -a  thickness  of  sandstone  of  25,000  feet.  (See  Russell,  249,  251, 
268.) 

47.  Dana,  J.  D. 

On  the  Hudson  river  age  of  the  Taconic  schists,  and  on 
the  dependent  relations  of  the  Dutchess  county  and  west- 
ern Connecticut  limestone  belts. 

Am.  Jour.  Sci.,  (3)  xvii,  375-388,  map,  1879. 

The  Taconic  schists  are  of  the  age  of  the  Hudson  river  group;  the 
limestone  belts  of  western  Connecticut  and  eastern  New  York  are 
but  outcropping  bands  of  the  Lower  Silurian  limestone  formation, 
brought  to  the  surface  by  a  series  of  flexures. 

48.  Dana,  J.  D. 

Note  on  the  age  of  the  Green  mountains. 

Am.  Jour  Sci.,  (3)  xix,  191-200,  1880. 

Evidence  for  embracing  the  whole  region  between  the  Connecticut 
and  the  Hudson  (and  to  an  unascertained  distance  beyond)  within  the 
limits  of  a  Green  mountain  synclinorium  of  Lower  Silurian  age. 

49.  Dana,  J.  D. 

On  the  geological  relations  of  the  limestone  belts  of 
^Westchester  county,  New  York. 

Am.  Jour.  Sci.,  (3)  xx,  21-32,  194-220,  359-375»  450- 
456,  3  pis.,  1880;  xxi,  425-443,  I  pi.,  1881;  xxii,  103-119,  313- 
315.  327'335>  1881. 

Description  and  discussion  of  the  general  geological  relations  of  the 
limestone,  schist,  and  gneiss  of  New  York  and  western  Connecticut,  to 
prove  that  these  limestones  and  conformably  associated  metamorphic 
rocks  are  of  Lower  Silurian  age. 

50.  Dana,  J.  D. 

Dolerite    (trap)    of  the   Triassic-Jurassic   area   of  eastern 
North  America. 
Am.  Jour.  Sci.,  (3)  xxii,  230-2^3,  1881. 

Criticism  of  Dr.  Hawes's  method  of  dolerite  analysis  by  specific 
gravity  mixture.  The  recognition  of  anorthite  and  albite  as  con- 
stituents of  West  Rock  trap  is  not  warranted  by  the  facts.  (See- 
Hawes,  128,  129,  130.) 
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51.    Dana,  J.  D. 

On  the  relation  of  the  so-called  kames  of  the  Connec- 
ticut river  valley  to  the  terrace  formation. 

Am.  Jour.  Sci.,  (3)  xxii,  451-468,  i88i. 

Criticism  of  Upham*s  theory  of  kames.  Concludes  that  the  so^alled 
"  kames  **  are  really  part  of  the  terrace  formation.     (See  Upbam,  283.) 

5a.    Dana,  J.  D. 

The  flood  of  the  Connecticut  river  valley  from  the  melt- 
ing of  the  Quaternary  glacier. 

Am.  Jour.  Sci.,  (3)  xxiii,  87-97,  179-202,  360-373,  I  pi, 
1882;  xxiv,  98-104,  map,  1882. 

Abridged:  Connecticut  Almanac,  34-52,  map,  1888. 

Discussion  of  the  general  condition  of  the  Connecticut  and  its 
tributaries  during  the  progress  of  the  flood;  the  origin  of  the  channel- 
way  of  the  river;  the  question  as  to  which  is  the  normal  upper  terrace 
in  any  part  of  the  valley;  dimensions,  velocity,  and  discharge  of  the 
flooded  river;  the  bearing  of  the  facts  on  the  retreat  of  the  glacier; 
the  question  as  to  the  elevation  of  the  land. 

53.  Dana,  J.  D. 

Geological  age  of  the  Taconic  system. 

Geol.  Soc.  London  Quart.  Jour.,  xxxviii,  397-408,  map, 
1882.  (Read  April  5,  i88«.)  Abstract:  Phil.  Mag.,  xiii, 
373-374f  1882.  Abstract  by  author:  Am.  Jour.  Sci.,  (3) 
xxiv,  291-293,  1882. 

All  observers  describe  the  schists  and  limestones  of  the  Taconic  area 
as  conformable.  They  belong  to  one  ssrstem,  and  have  a  high  eastward 
dip.  The  limestone  and  schist  are  Lower  Silurian,  and  the  schist  is 
the  younger.    Chief  part  of  schists  is  of  Hudson  river  age. 

54.  Dana,  J.  D. 

Evidence  from  southern  New  England  against  the  ice- 
berg theory  of  drift. 

Am.  Assoc.  Adv.  Sci.,  Proc,  xxxii,  195-198,  1883;  Science, 
ii,  390-392,  1883. 

Evidence:  From  —  i.  The  scratches  and  groovings  over  the  rocks; 
2.  The  transported  bowlders  and  other  materials;  3.  The  facts  as  to 
the  relative  level  of  land  and  sea  (maximum  difference  of  35  feet  be- 
tween then  and  now),  showing  that  the  iceberg  theory  of  drift  is  un- 
satisfactory for  southern  New  England. 

55.  Dana,  J.  D. 

[Review  of]  "  Annual  report  of  the  state  geologist  of 
New  Jersey  for  1882,"  by  G.  H.  Cook. 

Am.  Jour.  Sci.,  (3)  xxv,  383-386,  1883. 

Objection  to  Cook's  hypothesis  that  **  the  various  areas  of  the  red 
sandstone  formation  east  of  the  Appalachians,  from  Massachusetts  to 
South  Carolina,  were  once  in  some  way  connected,  and  perhaps  those 
farther  northeast  in  the  British  provinces.*'  Brief  statement  of  the 
origin  of  the  Jura-Trias  of  eastern  North  America. 
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56.  Dana,  J.  D. 

On  the  western  discharge  of  the  flooded  Connecticut, 
or  that  through  the  Farmington  valley  to  New  Haven 
Bay. 

Am.  Jour.  Sci.,  (3)  xxv,  440-448,  maps,  1883.  Abridged: 
Connecticut  Almanac,  34-52,  map,  1888. 

Arguments  showing  that  the  waters  of  the  flooded  Connecticut,  com- 
ing through  the  Farmington  valley,  reached  New  Haven  bay  through 
the  Mill  valley  rather  than  the  Quinnipiac. 

57.  Dana,  J.  D. 

[Review  of]  "  On  the  relations  of  the  Triassic  traps  and 
sandstones  of  the  eastern  United  States,"  by  W.  M.  Davis. 
Am.  Jour  Sci.,  (3)  xxv,  474-475»  1883. 

Criticism  of  Davis's  view  that  some  of  the  traps  are  intrusive  and 
some  overflow;  exception  taken  to  the  **  overflow  theory."     (See  Davis^ 

92.) 

58.  Dana,  J.  D. 

Phenomena  of  the  Glacial  and  Champlain  periods  about 
the  mouth  of  the  Connecticut  valley  —  that  is,  in  the  New 
Haven  region. 

Am.  Jour.  Sci.,  (3)  xxvi,  341-361,  map,  1883;  xxvii,  113- 
130,  maps  (pis.  i,  ii),  1883. 

Description  and  discussion  of  the  glacial  phenomena  in  the  New 
Haven  region,  including  the  sand  plain  and  kettle-holes.  There  were 
two  simultaneous  movements  of  the  glacier  ice,  one  southwest,  the 
other  southeast. 

59.  Dana,  J.  D. 

On  the  southward  ending  of  a  great  synclinal  in  the  Ta- 
conic  range. 

Abstract:  British  Assoc.  Adv.  Sci.,  Rept.  S4th  meeting, 
729,  730,  1884. 

The  Taconic  range  is  probably  of  the  age  of  the  Hudson  river  group 
or  Llandeilo  flags;  a  southern  portion  in  southwestern  Massachusetts 
and  its  continuation  into  Salisbury,  Connecticut,  is  a  broad  tray-shaped 
synclinal;  the  area  south  is  limestone,  which  comes  out  from  beneath  the 
dwindled,  flattened-out,  and  worn-o£f  mountain  synclinal.  (See  Dana» 
61.) 

60.  Dana,  J.  D.        • 

[Review  of]   "  Preliminary  paper  on  the  terminal  mo- 
raine of  the  second  glacial  epoch,"  by  T.  C.  Chamberlin. 
Am.  Jour.  Sci.,  (3)  xxviii,  228-231,  1884. 

Review  of  Chamberlin's  paper.  Discussion  of  the  theory  as  ap> 
plied  to  the  Connecticut  valley,  where  no  facts  have  been  observed 
which  indicate  a  second  glacial  epoch. 
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6i.    Dana,  J.  D. 

On  the  southward  ending  of  a  great  synclinal  in  the 
T^conic  range. 
Am.  Jour.  Sci.  (3)  xxviii,  268-276,  map,  1884. 

Discussion  ot  the  geological  relations  of  limestone  and  schist  of  the 
Mount  Washington  portion  of  the  Taconic  range,  which  extends  into 
northwestern  Connecticut.     (See  Dana,  59.) 

6a.    Dana,  J.  D. 

Note  on  the  origin  of  bedding  in  so-called  metamorphic 
rocks. 

Am.  Jour.  Sci.,  (3)  xxviii,  393-396,  1884. 

Discussion  to  prove  that  gneiss,  schist,  quartzite,  etc,  are  parts  of  a 
stratified  series.  The  production  of  schist<we  bedding  by  pressure  has 
a  very  limited  application;  field  evidence  supporting  this  view  at  Stony 
Creek,  Derby,  Lime  Rock,  Canaan. 

63.  Dana,  J.  D. 

On  the  decay  of  quartzite,  and  the  formation  of  sand, 
kaolin,  and  crystallized  quartz: 

Am.  Jour.  Sci.,  (3)  xxviii,  448-452,  1884. 

Discussion  of  the  formation  of  sand,  kaolin,  and  crystallized  quartz 
from  feldspathic  quartzite;  mentions  kaolin  deposits  of  Sharon  and 
Canaan. 

64.  Dana,  J.  D. 

The  till  ridge  of  New  Haven,  called  Round  hill. 

Am.  Jour.  Sci.,  (3)  xxix,  66-67,  1885. 

Brief  consideration  of  Davis's  criticism  as  to  origin  of  this  hill,  as 
described  by  Dana  in  a  previous  article.  Round  hfll  deposited  -  by 
waters  descending  through  crevice  in  ice;  objection  by  Davis  to  this 
method  of  origin,  on  the  ground  of  absence  of  stratification,  not  well 
taken.     (See  Dana,  58;  Davis,  81.) 

65.  Dana,  J.  D. 

On  the  Taconic  rocks  and  stratigraphy,  with  a  geologi- 
cal map  of  the  Taconic  region. 

Am.  Jour.  Sci.,  (3)  xxix,  205-222,  437-443»  map  (pi.  ii), 
1885. 

Presentation  -of  facts  bearing  on  the  constitution,  stratigraphical 
relations,  and  distribution  of  Taconic  rocks.  Limestdne  is  single  form> 
ation  overlain  by  schist  and  quartzite  and  underlain  by  quartzite  and 
mica  schist.  Within  the  Taconic  region  metainorphism  increases  from 
north  to  south  and  from  west  to  east. 

66.  Dana,  J.  D. 

On  displacement  through  intrusion. 
Am.  Jour.  Sci.,  (3)  xxx,  374-376,  1885. 

Description  of  the  wedging  action  of  intruding  material,  as  shown 
in  specimens  from  Canaan  and  Lenox. 
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67.  Dana,  J.  D. 

[Review  of]  "  Gradual  variation  in  intensity  of  meta- 
morphism,"  by  C.  S.  Middlemiss. 

Am.  Jour.  Sci.,  (3)  xxxv,  82-83,  1888. 

Abstract  of  Middlemiss's  ttatementa  in  regard  to  the  metamorphic 
phenomena  of  India,  and  brief  comparison  with  similar  phenomena  in 
New  England. 

68.  Dana,  J.  D. 

[Review  ofl  "  Subaerial  decay  of  rocks  and  origin  of  the 
red  color  of  certain  formations,"  by  I.  C.  Russell. 

Am.  Jour  Sci.,  (3)  xxxix,  317-319,  1890. 

In  contrast  with  Russell's  views  Dana  belieres  that  the  absence 
of  red  earth  in  the  crystallines  is  due  to  the  character  of  the  oxidation, 
and  that  the  red  color  of  the  sandstones  is  due  to  changes  subsequent 
to  deposition.     (See  Russell,  252.) 

69.  Dana,  J.  D. 

Archaean  limestone  and  other  rocks  in  Norfolk,  Connec- 
ticut. 

Am.  Jour.  Sci.,  (3)  xxxix,  321,  1890. 

Brief  mention  of  a  small  area  of  limestone  associated  with  hard 
gneiss,  granite,  and  some  hornblendic  rocks,  at  Norfolk;  limestone  con* 
sidered  as  Archaean.  Brief  mention  of  magnetite  vein  two  and  one- 
half  miles  east  of  Norfolk,  that  had  been  opened  and  worked  for  a 
time. 

70.  Dana,  J.  D. 

Archaean  axes  of  eastern  North  America. 

Am.  Jour.  Sci.,  (3)  xxxix,  378-383,  1890. 

Division  of  eastern  North  America  into  ranges  and  troughs  which 
were  areas,  for  the  most  part,  of  independent  geological  work.  Men- 
tions  a  Connecticut  valley  iroug)i. 

71.  Dana,  J.  D. 

On  the  four  Rocks  of  the  New  Haven  region.  120  pp., 
7  pis.,  maps  (pis.  i-iii,  vi),  New  Haven,  1891. 

Deuned  description  of  East  Rock,  West  Rock,  Pine  Rock,  and  Mill 
Rock.  They  are  intrusions  of  dolerite  into  upturned  sandstone.  East 
Rock  and  West  Rock  are  of  laccolith  ic  origin.  Pine  Rock  and  Mill 
Rock  are  trap  dikes.  "  Mount  Carmel  appears  to  be  a  combination  of 
dikes."  Pp.  4I-I20  describe  the  geology  along  certain  walks  and 
drives  about  the  New  Haven  region,  including  Meriden,  Maltby  Park, 
Woodbridge,  the  shore  line  from  Savin  Rock  eastward,  including  ex- 
cursions to  Branford,  Stony  Creek,  and  the  Thimble  Islands,  Saltonstall 
ridge,  and  the  North  Haven  clay  deposits. 

72.  Dana,  J.  D. 

Some  of  the  features  of  non-volcanic  igneous  ejection, 
as  illustrated  in  the  four  "  rocks  "  of  the  New  Haven  re- 
gion—West Rock,  Pine  Rock,  Mill  Rock,  East  Rock. 

Am.  Jour.  Sci.,  (3)  xlii,  79-110,  6  pis.,  maps  (pis.  ii,  iii, 
vi),  1891. 
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Detailed  description,  with  maps,  sketches,  and  photographs,  of  the 
four  ••  rocks "  of  New  Haven.  Pine  Rock  and  Mill  Rock  are  dikes; 
East  Rock  and  West  Rock  are  intrusions  of  a  laccolithic  character.  (See 
Dana,  71.) 

73.  Dana,  J.  D. 

On  Pcrcivars  map  of  the  trap  belts  of  central  Connec- 
ticut, with  observations  on  the  upturning,  or  mountain- 
making  disturbance,  of  the  formation. 

Am.  Jour.  Sci.,  (3)  xlii,  439-447,  map  (pi.  xvi),  1891. 

Citation  of  the  facts  favoring  ejection  of  trap  after  the  great 
mountain*making  event  of  the  valley;  discussion  of  the  character  of  this 
mountain>making  disturbance. 

74.  Dana,  J.  D. 

Additional  observations  on  the  Jura-Trias  traps  of  the 
New   Haven   region. 
Am.  Jour.  Sci.,  (3)  xliv,  165-169,  1892. 

Description  of  a  s-inch  trap  dike  at  West  Rock,  branching  from  the 
main  rock  mass. 

75.  Dana,  J.  D. 

Manual  of  geology,  4th  ed.  1,036  pp.,  1,577  figs,  and  maps. 
New  York,  American  Book  Co.,  1895. 

Among  the  subjects  dealing  with  Connecticut  are  Branchville  mine, 
321;  Thimble  islands,  949;  copper  mines,  745;  iron  mines,  127;  marble 
deposits,  524,  530,  531;  Triassic,  iii,  740-742,  751-755.  799*801;  glacial 
deposits,  194,  195,  443,  956,  970,  971;  structure  and  age  of  Stockbridgc 
limestone  and  related  rocks,  309,  527-532;  Taconic  system,  495-496;  Tri- 
assic strata  were  deposited  in  a  valley  and  the  traps  are  intrusive,  798- 
808;   fossils  750-756. 

(Dana's  Manual  is  particularly  rich  in  references  to  Connecticut 
geology. —  Ed.)  • 

76.  Dana,  James  Dwight.    (1813-1895.) 

Biography. 

E.  S.  Dana:  Am.  Jour.  Sci.,  (3)  xlix,  1-28,  1895. 
Beecher:  Am.  Geol.,  xvii,  1-16,  1896. 
Williams:  Jour.  Geol.,  iii,  601,  1895. 
Le  Conte:  Geol.  Soc.  America,  Bull.,  vii,  461-479,  1896. 
Gilman:  The  life  of  James  Dwight  Dana,  Harper  and 
Brothers,  New  York,  1899. 

77.  Davis,  C.  H.  S. 

The   Catopterus  gracilis. 

Meriden  Sci.  Assoc,  Trans.,  ii,  19-22,  1886. 

Description  of  a  fossil  fish,  Catopterus  gracilis,  found  in  the  bi- 
tuminous shales  at  Little  Falls,  about  two  miles  north  of  Durham 
Center. 
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78.  Davis,  W.  M. 

Brief  notice  of  observations  on  the  Triassic  trap  rocks 
of  Massachusetts,  Connecticut,  and  New  Jersey. 
Am.  Jour.  Sci.,  (3)  xxiv,  34S-349»  1882. 

Occurrence   of  traps  in   three  distinct  conditions:     i.  Dikes;    *,  In- 
•    truded  sheets;    3.  Overflow  sheets.     Discussion  of  origin,  etc 

79.  Davis,  W.  M. 

The  structural  valuf  of  the  trap  ridges  of  the  Connecti- 
cut valley. 

Boston  Soc.  Nat.  Hist.,  Proc,  xxii,  116-124,  1882. 

Discussion  of  the  Triassic  problem,  particularly  in  the.  Connecticut 
valley.  Connecticut  strip  of  sandstone  not  greatly  reduced  from  its 
original  area;  its  dip  not  the  result  of  oblique  deposition,  but  of  post- 
Triassic  disturbance;  most  of  the  trap  ridges  are  edges  of  contempo- 
raneous overflows  of  lava,  so  may  be  considered  as  conformable  mem- 
bers of  the  sedimentary  series,  and  serve  as  horizons  to  locate  redupli- 
cation of  strata  by  (strike)  faulting;  the  curvature,  as  well  as  the  oc- 
casional reappearance  of  the  trap  ridges,  is  the  result  of  folding  and 
faulting.     (See  Davis,  98.) 

80.  Davis,  W.  M. 

Abstract  of  "  High  river  tertaces  of  eastern  Connecti- 
cut," by  B.  F.  Koons. 
Science,  i,  19,  1883. 

Position  of  several  terraces  depends  on  ice-dams  that  existed  during 
the  decline  of  the  Glacial  period.     (See  Koons,  181.) 

81.  Davis,  W.  M. 

The  distribution  and  origin  of  drumlins. 

Am.  Jour.  Sci.,  (3)  xxviii,  407-416,  1884. 

The  place  of  drumlins  in  a  geographical  classificatioif;  terminology; 
general  description ;  distribution ;  origin  —  similar  to  that  of  sand-bars  in 
a  river;  discusses  distribution  and  origin  of  some  Connecticut  drumlins. 
(See  Dana,  58,64.) 

8a.    Davis,  W.  M. 

On  the  relations  of  the  Triassic  traps  and  sandstones  of 
the  eastern  United  States. 

Mus.  Comp.  Zool.,  Bull.,  vii,  249-309,  1884.  Abstract: 
Neues  Jahrb.,  230-232,  1884;  Science  i,  430,  1883. 

Description  of  the  Triassic  formation  seen  at  various  places  in  New 
Jersey,  Massachusetts,  and  Connecticut  —  Beckley  Station,  Meriden, 
Wallingford,  New  Haven.  Brief  statement  of  former  views;  literature; 
discussion  of  the  general  relations  and  origin  of  the  trap  and  sand- 
stones; extrusive  nature  of  most  of  the  trap  proved.  (For  complete 
treatment  of  subject,  see  Davis,  98.) 

83.    Davis,  W.  M. 

The  structure  of  the  Triassic  formation  of  the  Connecti- 
cut valley. 
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U.  S.  Geol.  Surv.,  7th  Ann.  Rept.,  for  1885-86,  455*490, 
I  pi.,  1888.    Abstract:  Am.  Geol.,  iv,  112,  113,  1889. 

Discussion  of  the  conditions  of  accumulation  of  sandstones,  shales, 
limestones,  intrusive  and  extrusive  flows,  dikes.  Discussion  of  the 
structure  of  the  formation, —  general  attitude,  faults  and  their  sys- 
tematic arrangement,  low  folds.*  Discussion  of  the  mechanical  origin 
of  the  formation.     (See  Davis,  98.)  '  • 

84.  Davis,  W.  M. 

The  structure  of  the  Triassic  formation  of  the  Connecti- 
cut valley. 

Am.  Jour.  Sci.,  (3)  xxxii,  342-352,  1886. 

Discussion  proving  that  the  disturbance  of  the  strata  took  place  after 
the  period  of  deposition;  was  not  caused  by  overflow  or  intrusion  of 
trap  sheets;  was  not  a  single  monoclinal  tilting.  The  whole  region  has 
been  cut  by  a  series  of  strike  faults.  Discussion  of  origin  of  crescentic 
ridges,  and  of  probable  character  of  the  disturbing  force.  (See  Davis, 
98.) 

85.  Davis,  W.M. 

Results  of  a  study  on  the  mechanical  origin  of  the  Trias- 
sic monoclinal  in  the  Connecticut  valley. 

Boston  Soc.  Nat.  Hist.,  Proc,  xxxiii,  339-341,  1886. 

Explanation  of  the  Triassic  monoclinal  given  in  the  following  state- 
ment: "  Whenever  unconformable  masses  are  deformed  together,  the 
structure  given  to  the  lesser,  relatively  superficial  mass  must  depend  in 
great  part  on  the  changes  in  the  surface  shape  of  the  greater,  deeper 
mass  below."  Schists  and  gneisses  have  slipped  on  each  other  because 
of  lateral  pressure.  Proof:  strike  of  surface  faults  corresponds  with 
the  strike  of  the  schist  beneath. 

86.  Davis,  W.M. 

The  mechanical  origin  of  the  Triassic  monoclinal  in  the 
Connecticut  valley. 

Am.  Assoc.  Adv.  Sci.,  Proc,  xxxv,  pp.  224-227,  1887. 

Monoclinal  faulting  due  to  slipping  of  underlying  schists  and  gneisses 
along  their  vertical  cleavage  planes.     (See  Davis,  85,  98.) 

87.  Davis,  W.  M. 

The  ash  bed  at  Meriden  and  its  structural  relations. 
Meriden  Sci.  Assoc,  Trans.,  iii,  23-30,  1888. 
(See  Davis,  98.) 

88.  Davis,  W.M. 

The  faults  in  the  Triassic  formation  near  Meriden. 
Mus.  Comp.  Z06I.,  Bull.,  xvi,  61-87,  5  pis.,  1889. 

(See  Davis,  98.) 

89.  Davis,  W.  M. 

Topographic  development  of  the  Triassic  formation  of 
the  Connecticut  valley. 
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Am.  Jour.  Sci.,  (3)  xxxvii^  423-434,  1889.  Abjtract:  Pop. 
Sci.  Mon.,  xxvi,  573,  1889. 

Discusses  mechanism  of  monoclinal  faulting;  topographic  develop- 
ment  of  the  Triassic  belt,  etc.     (See  Davis,  85,  86,  98.) 

90.  Davis,  W.  M. 

Remarks  on  structure  of  fillings  of  fissures  in  trap  at 
Mericfen. 
Geol.  Soc.  America,  Bull.,  i,  442,  1890. 

Brief  mention  of  the  fact  that  detrital  material  supplied  from  above 
takes  a  horizontal  stratification  as  it  settles  into  fissures  in  the  trap 
of  the  quarry  at  Meriden.     (See  Davis,  98.) 

91.  Davis,  W.  M. 

Physical  geography  of  southern  New  England. 

Johns  Hopkins  Univ.  Circ,  x,  No.  87,  78,  79,  1891. 

Chief  variety  of  form  of  southern  New  England  is  found  in  the  val- 
leys etched  beneath  the  general  surface;  the  upland  is  a  peneplain; 
southern  New  England  a  region  of  ancient  deeply  buried  rocks, 
consisting  of  "  greatly  distorted  and  overturned  schists  and  bedded 
rocks."  "  The  present  altitude  of  the  highlands  is  the  result  of 
subsequent  massive  elevation;"  the  hills  that  lie  above  the  peneplain 
are  remnants  of  the  late  Cretaceous  surface,  and  the  valleys  of  post- 
Cretaceous  date;  the  effect  of  glaciation  and  the  action  of  currents 
and  waves  upon  the  shore  line  is  described.     (-See  Davis,  96.) 

92.  Davis,  W.  M. 

The  Triassic  sandstone  of  the  Connecticut  valley. 
Johns  Hopkins  Univ.  Circ,  x,  No.  87,  79,  1891. 

Four  stages  of  the  formation  are  pointed  out:  i.  Accumulation  of 
sandstone  and  shale  with  sheets  of  lava,  and  at  least  one  great  intrusive 
sheet;  a.  Post-Triassic  stage  of  tilting  and  faulting;  3.  Reduction  of 
the  elevated  mass  to  a  peneplain  during  Jurassic  and  Cretaceous  time; 
4.  In  Tertiary  time,  gentle  uplifting  and  tilting  to  the  south  or  south- 
east. After  this  period  the  streams  cut  the  valleys  down  nearly  to  a 
new  base-level.     (See  Davis,  96,  98.) 

93.  Davis,  W.  M. 

The  Triassic  formation  of  Connecticut. 
Geol.  Soc.  America,  Bull.,  ii,  415-424,  1891. 

Discussion   of   the   structure   and   origin   of   the   Triassic   formation, 
particularly  of  the  area  around  Meriden;    Mount  Carmel  mentioned  as  a 
possible  vent  through   which   the  lava   of  the   trap  sheets   rose  to  the  * 
surface.      (For   complete   discussion    of   Triassic    formation,   see    Davis, 
98.) 

.94.    Davis,  W.  M. 

The  geological  dates  of  origin  of  certain  topographic 
forms  on  the  Atlantic  slope  of  the  United  States. 

Geol.  Soc.  America,  Bull.,  ii,  545-586,  1891.  Abstract: 
Am.  Geol.,  viii,  260,  1891. 

Gassification  of  topographic  forms  according  to  age  or  degree  of 
development.      Description    of    the    topographic    forms   of    the   Atlantic 
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slope,,  including  the  resurrected  pre-Triassic  and  the  uplifted  Cretaceoua 
peneplain  of  southern  New  England.  Also  the  Tertiary  excavation  in  the 
Cretaceous  peneplain. 

95.  Davis,  W.  M. 

The  lost  volcanoes  of  Connecticut. 
Pop.  Sci.  Mon.,  xl,  221-235,  1892. 

Mount  Carroel  may  be  the  volcanic  neck  or  the.  remains  of  the 
plug  in  the  vent  through  which  the  volcanic  material  of  the  Connecticut 
valley  was  thrown  out,  particularly  the  ash  and  bombs  at  Lamentation 
Mountain. 

(The  evidence  that  Mount  Carmel  was  a  volcano  which  furnished  the 
Triassic  lavas  is  unsatisfactory. —  Ed.) 

96.  Davis,  W.  M. 

The  physical  geography  of  Southern  New  England. 
Nat.  Geog.  Mon.,  i,  269-304,  6  figs..  New  York,  Ameri- 
can   Book   Co.,    1895. 

The  subject  is  discussed  under  the  following  heads:  i.  Upland  of 
Southern  New  England, —  its  general  features,  origin,  peneplain, 
monadnocks;  2.  Valleys  in  the  upland, —  slanting  of  peneplain,  revival 
of  rivers,  depth  and  breadth  of  valleys,  Connecticut  valley  lowland,  lava, 
ridges,  distribution  of  population ;  3.  Glacial  invasion, —  forms  of 
drift,  geographical  consequences;  4.  Coast-line,  depression,  modification 
by  waves  and  currents. 

97.  Davis,  W.  M. 

The  quarries  in  the  lava  beds  at  Meriden,  Connecticut. 
Am.  Jour.  Sci.  (4)  i,  1-13,  3  figs.,  1896. 

Description  of  the  quarries  in  the  Triassic  formation  at  Meriden,. 
showing  the.  vesicular  upper  surface  of  one  lava  bed  under  the  dense- 
basal  portion  of  a  later  flow,  and  a  number  of  fractures  dislocating  the 
double  flow.  Relation  of  these  features  to  the  geological  structure  of 
the  district.     (See  Davis,  98.) 

98.  DavU,  W.  M. 

The  Triassic  formation  of  Connecticut. 

U.  S.  Geol.  Surv.,  i8th  Ann.  Rept.,  pt.  ii,  9-192,  20  pis., 
52  figs.,  1898. 

Detailed  description  and  discussion  of  the  origin  and  formation  of 
the  Triassic  under  three  main  heads:  i.  Deposition, —  the  floor  of  the 
older  rocks;  Triassic  strata;  igneous  rocks,  intrusive  and  extrusive  (an- 
terior, main,  and  posterior  sheets);  vulcanism;  isostasy;  relatipn  of 
deposition  and  deformation.  2.  Deformation, —  changes  from  original 
attitude,  warps,  faults.  3.  Denudation, —  general  principles  of  land 
sculpture;  cycles  of  denudation;  initial  form  of  monoclinal  faulting;  Cre- 
taceous peneplain;  Tertiary  dissection  of  the  uplifted  peneplain;  Glacial 
modifications  of  form  and  drainage;  review  of  origin  of  drainage. 
Previous  studies  of  the  Connecticut  Triassic.  The  extrusive  nature  of 
most  of  the  trap  formations  is  proved.  The  present  arrangement  of 
ridges  is  shown  to  be  due  mainly  to  a  uniform  system  of  faulting;  and 
these  fault  lines  are  preserved  in  the  topography  of  the  region. 

(This  is  the  most  important  single  contribution  to  the  geology  of 
central   Connecticut,   and   in    it   is   included   practically   all   the   matter 
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covered  in  the  other  papers  by  Davis,  and  those  by  Griswold  and  by 
Whittle.— £d.) 

99.    Davis,  W.  M.,  and  Griswold,  L.  S. 

Eastern  boundary  of  the  Connecticut  Triassic. 
Geol.   Soc.  America,   Bull.,  v,  51S-530,   1894.    Abstract: 
Am.  Geol.,  xiii,  145,  146,  1894;  Am.  Jour.  Sci.,  (3)  xlvii,  136, 

137,  1894. 

General  geological  history  of  the  region  given.  Special  discussion  of 
faults.  Evidence  showing  that  the  entire  eastern  boundary  of  the 
Triassic  formation  in  Connecticut  is  defined  by  fault  lines.  (See  Davis, 
98.) 

99a.    Davis,  W.  M.,  and'  Loper,  S.  W. 

Two  belts  of  fossiliferous  black  shale  in  the  Triassic 
formation  of  Connecticut. 

Geol.  Soc.  America,  Bull.,  ii.  415-430,  1891. 

General  stratigraphy  of  the  formation.  Special  account  of  fossils 
of  the  two  strata  of  black  shale.     (See  Loper,  189.) 

100.    Davis,  W.  M.,  and  Whittle,  C.  L. 

The   intrusive   and   extrusive   Triassic  tra^  sheets  of  the 
Connecticut  valley. 
Mus.  Comp.  Z06I.,  Bull.,  xvi,  99-138,  i  pi.,  1889. 

Statement  of  the  means  of  distinguishing  intrusions  and  extrusions, 
(jeneral  features  and  discussions  of  intrusive  and  extrusive  sheets  in 
the  following  localities  of  Connecticut:  East  and  West  Rock,  New 
Haven;  Gaylord's  mountain.  Roaring  brook,  Cheshire;  anterior  at  north 
end  of  Totoket;  Yz  mile  southeast  of  East  Meriden;  north  end  of 
Higby  mountain;  south  and  west  of  Chauncy  peak;  anterior  of 
Lamentation  mountain;  anterior  of  Cat  Hole  peaks;  anterior  of  Notch 
mountain;  anterior  of  Shuttle  Meadow  mountain;  anterior  of  Farming- 
ton  mountain:  Farmington  river  gap;  Saltonstall  mountain;  Totoket 
mountain,  inside  south  and  north  brooks;  Higby  mountain;  Lamentation 
mountain;  Meriden  city  quarry;  ist  and  2d  ridges  posterior  to  Salton* 
stall  mountain;  ridge  near  Middlefield  station;  falls  of  the  Aramamit 
river;  Highland  lake;  Hartford  avenue  and  North  Stanley  street.  New 
Britain;  near  Trinity^  College,  Hartford.     (See  Davis,  98.) 

loi.    Deane,  J. 

Ichnographs  from  the  sandstone  of  the  Connecticut  val- 
ley.   61  pp.,  46  pis.      Boston,  Little,  Brown  and  Co.,  1861. 

The  incomplete  papers  of  Dr.  Deane,  compiled  and  edited  by  T.  T. 
Bouv6,  H.  I.  Bowditch,  A.  A.  (jould,  and  others. 

(Doubt  is  cast  on  the  bird  origin  of  the  footprints,  and  Deane's 
part  in  the  discovery  of  the  first  specimens  is  magnified. —  Ed.) 

Z03.    Des  Cloiseaux,  A.  L.  O. 

Optical  examination  of  the  red  feldspar  of  the  granite 
from  Lyme,  Connecticut. 
Am.  Jour.  Sci.,  (3)  xx,  335-336,  1880. 

Brief  description  of  the  microcline  from  the  coarse  granite  of  the 
MacCurdy  quarry  at  Lyme. 
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103.  Dewey,  C. 

A  sketch  of  geology  and  mineralogy  of  the  western  part 
of  Massachusetts  and  a  small  part  of  the  adjoining  states. 

Am.  Jour.  Sci.,  (i)  viii,  1-60,  240-244,  map,  1824. 

Description  of  the  opcurrence,  general  relations,  and  character  of 
the  mica  slate,  granular  limestone  and  quartz  rock  found  in  the  north- 
western part  of  Connecticut.  Mentions  the  following  minerals:  garnet, 
staurotide,  schorl,  cyanite,  tremolite,  nephrite,  calcareous  tufa,  clay, 
some  zinc  mineral,  also  iron  ores  from  Salisbury. 

104.  Dobson,  P. 

Remarks  on  bowlders. 

Am.  Jour.  Sci.  (i),  x,  217,  218,  1826. 

Description  of  sandstone  bowlders  worn  smooth  on  one  side  and 
exhibiting  scratches  and  furrows  on  the  abraded  part,  found  below  as 
well  as  at  the  surface.  **  Have  been  worn  by  being  suspended  and 
carried  in  ice,  over  rocks  and  earth,  under  water.'*   (See  Dobson,  105.) 

(The  observations  of  Peter  Dobskon,  a  cotton  manufacturer  of 
Vernon,  were  keen,  and  his  views  of  glaciation  were  far  in  advance 
of  his  time.  Mr.  Dobson  received  the  enthusiastic  endorsement  of 
Murchison  in  the  Annual  Address  of  the  (^ological  Society  of  London, 
1842.— £rf.) 

X05.    Dobson,  P. 

Hints  on  the  iceberg  theory  of  drift. 

Am.  Jour.  Sci.  (i),  xlvi,  169-172,  1844. 

Describes  striated,  subangular  bowlders,  which  indicate  work  of  ice, — 
presumably  icebergs.     (See  Dobson,  104.) 

(This  letter  of  Mr.  Dobson's  was  written  to  Prof.  Hitchcock,  Novem- 
ber 15,  1837,  and  sent  to  the  American  Journal  of  Science  in  1844* — 
Ed.) 

106.  Dorsey,  C.  W.,  and  Bonsteel,  J.  A. 

Soil  survey  in  the  Connecticut  valley. 

U.  S.  Dept.  Agric,  Bur.  Soils,  Kept.  Field  Oper.  for 
1899,  125-140,  6  pis.,  map,  1900. 

The  area  described  in  Connecticut  extends  from  Glastonbury  to  the 
Massachusetts  line,  and  from  the  eastern  crystallines  to  the  Talcott 
range.  Tobacco  soils  are  described  in  detail  under  the  headings:  Tri- 
assic  stony  loam;  Holyoke  stony  loam;  Windsor  sand;  Hartford  stony 
loam;  Podunk  fine  sandy  loam;  Connecticut  meadows;  Enfield  sandy 
loam;  Suffield  clay;  Elmwood  loam;  Connecticut  swamp. 

107.  Eaton,  G.  F. 

Notes  on  the  collection  of  Triassic  fishes  at  Yale. 

Am.  Jour.  Sci.,  (4)  xv,  259-268,  18  figs.,  1903. 

The  following  species  are  described:  Semiofaotus  fultus;  S.  microp* 
terus;  S.  Marshi;  S.  tenuiceps;  S.  ovatus;  Catopterus  gracilis.  Semi- 
onotus  micropterus  is  known  only  from  Connecticut. 
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X08.    Eckel,  £.  C. 

Brown  hematite  deposits  of  eastern  New  York  and 
western  New  Englaivi. 

Eng.  Min.  Jour.,  Ixxviii,  432-434,  6  figs.,  1904. 

Two  mines  occur  in  Salisbury.  The  Davis  mine  from  top  to  bottom 
shows  limonite  and  clay  15-20  ft.;  ocher  20-40  ft.;  lenses  of  manganese 
ore;  "black  ocher"  1-5  ft.  The  ore  contains  manganese  and  slight  amount 
of  phosphorus,  and  was  originally  deposited  as  limonite.  The  Ore 
Hill  mine  consists  of  a  large  body  of  disintegrated  ore  mixed  with  clay. 
The  iron  content  runs  from  35%  to  50%.  Manganese  and  iron  car- 
bonate, also  phosphorus,  occur.  The  ore  originated  as  replacement  of 
limestone  by  iron  carbonate. 

109.    Eggleston,  J.  W. 

Some  glacial  remains  near  Woodstock,  Connecticut. 
Am.  Jour.  Sci.,  (4)  xiii,  .403-408,  1902. 

Description  of  kames,  eskers,  kettle-holes,  and  terraces  of  an  old 
lake  bed  of  which  Woodstock  pond  is  the  remnant. 

zxo.    Emerson,  B.  K. 

The  age  and  cause  of  the  gorges  cut  through  the  trap 
ridges  by  the  Connecticut  and  its  tributaries. 

Am.  Assoc.  Adv.  Sci.,  Proc,  xxxv,  232,  1886. 

"  The  gorges  were  cut  by  the  pre-Glacial  drainage,  and  the  streams 
were  restored  to  their  old  course  by  the  position  of  their  deltas.'*. 

XXX.    Emerson,  B.  K. 

Diabase,  pitchstone,  and  mud  inclosures  of  the  Triassic 
trap  of  New  England. 

Geol.  Soc.  America,  Bull.,  viii,  59-86,  7  pis.,  1897. 

The  Meriden  "  Ash  Bed "  is  described  in  detail,  including  the 
petrography  and  chemistry  of  the  pitchstone,  glass  and  sand.  The 
origin  of  the  glasses  and  minerals  is  discussed,  and  an  analysis  of  the 
basic   pitchstone   given. 

112.  Emerson,  B.  K. 

Holyoke  Folio,  Massachusetts-Connecticut. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  U.  S.,  Folio  No.  50,  1898. 

Topography,  general  and  economic  geology  of  a  strip  about  2}^  miles 
wide  along  the  north  edge  of  Connecticut  between  the  meridians  73°  and 
72^  30'.  Describes  the  following  formations:  Washington  gneiss; 
Becket  gneiss;  Hoosac  schist;  Chester  amphibolite;  Sugarloaf  arkose; 
Longmeadow  sandstone;  Holyoke  diabase;  Chicopee  shale;  and  Glacial 
deposits. 

113.  Emerson,  B.  K. 

Geology  of  eastern  Berkshire  county,  Massachusetts. 

U.  S.  Geol.  Surv.,  Bull.  No.  159,  135  pp.,  9  pis.,  16  figs., 
maps,  1899. 

Geology  of  parts  of  the  towns  of  Norfolk,  Colebrook,  North 
Canaan,  and  Hartland.     In  the  North  Canaan-West  Norfolk  area  are 
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found:  Hinsdale  limestone  and  Washington  gneiss,  pre-Cambrian; 
hornblende  kchist,  Becket  conglomerate  gneiss,  Cambrian;  Stockbridge 
limestone,  Silurian.  Analyses  of  nodule  from  gneiss  and  of  pre- 
Cambrian  limestone.     Bibliography. 

ZX4.    Emerson,  B.  K. 

Note  on  corundum  and  a  graphitic  essonite  from  Bark- 
hamsted,  Connecticut. 
Am.  Jour.  Sci.,  (4)  xiv,  234-236,  1902. 

Description  of  the  corundum  and  a  graphitic  garnet  rock  occurring  in 
a  coarse  mica  schist. 

115.  Emmons,  E. 

Agriculture  of  New  York,  comprising  an  account  of  the 
classification,  composition,  and  distribution  of  the  soils 
and  rocks  and  natural  yvaters  of  the  different  geological 
formations,  together  with  a  condensed  view  of  the  cli- 
mate and  agricultural  productions  of  the  State. 

I»  371  PPm  21  pis.,  4**,  Albany,  1846.  (Has  a  good  map.) 
Chapter  on  "  the  Taconic  system  "  issued  separately,  67 
pp.,  6  pis.,  4**,  Albany,  1844. 

Stockbridge  limestone  and  accompanying  schists  are  described  and 
stated  to  rest  on  Taconic  slates. 

(The  Taconic  system  of  Emmons  along  western  New  England  and 
•astern  New  York  corresponds  to  the  Caftibrian  and  Ordovician  sys- 
tems combined.  Emmons  beliered  the  Taconic  to  be  an  independent 
system  because  it  rests  unconformably  upon  Primary  schists  and  passes 
unconformably  beneath  the  New  York  system. —  Ed.) 

(See  Dana,  48,  59,  61,  65;  Walcott,  286,  287.) 

116.  Pippin,  E.  O. 

Soil  survey  of  the  Connecticut  valley. 

U.  S.  Dept.  Agric,  Bur.  Soils,  Rept.  Field  Oper.  for  1903, 
31-61,  map,  1904. 

The  work  done  in  1899  was  extended  by  the  survey  of  260  square 
miles  in  Massachusetts  and  Connecticut.  The  woiic  of  the  two  years 
resulted  in  a  survey  of  that  part  of  the  Connecticut  Triassic  between 
Berlin  and  the  Massachusetts  line.  The  types  of  soil  represented  arc 
Hoi  yoke  stony  loam;  Triassic  stony  loam;  Hartford  sandy  loam;  Con- 
necticut meadows;  Windsor  sand;  Chicopee  gravel  loam;  Enfield 
sandy  loam;  Manchester  sandy  loam;  Connecticut  swamp;  Norfolk 
coarse  sandy  loam;  Suffield  clay;  Elmwood  loam;  Podunk  fine  sandy 
loam;  Bernardston  loam. 

117.  Frazcr,  P.,  Jr. 

Description  of  microscopic  sections  of  traps. 

Am.  Phil.  Soc,  Proc,  xiv,  430,  431,  1876. 

Comparison  of  traps  from  Pennsylvania  and  Connecticut.  The  fine- 
grained, greenish  dplerites  were  exactly  alike  in  both  localities;  coarse- 
grained gray  rock,  which  in  fragments  seemed  identical,  under  the 
microscope  showed  differences,  the  specimen  from  Connecticut  being 
coarse-grained  dolerite,  while  that  from  Pennsylvania  was  true  syenite. 
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J18.    Frazcr,  P.,  Jr. 

[Review  of]  "  On  the  physical  history  of  the  Triassic 
formation  in  New  Jersey  and  in  the  Connecticut  valley," 
by  I.  C.  Russell.  • 

Am.  Nat.,  xiii,  289-292,  1879. 

Criticism  of  Russell's  views  regarding  the  Triassic  formation.  (Sec 
Russell,  249.) 

119.  Fuller,  M.  L. 

Triassic  rocks  of  the  Connecticut  valley  as  a  source  of 
water-supply. 

U.  S.  Geol.  Siirv.,  Water-Supp.  and  Irr.  Paper  No.  no, 
95-812,  8  figs.,  1905. 

Occurrence  of  waters  in  Triassic  rocks  of  various  types:  influence 
of  jointing  and  faulting  on  the  underground  waters;  conditions  favor* 
able  to  flowing  wells;  water  is  in  most  instances  highly  mineralized, 
but  rarely  subject  to  pollution.     Proper  depth  of  wells. 

120.  Gannett,  H. 

A  geographic  dictionary  of  Connecticut. 

U.  S.  Geol.  Surv.,  Bull.  No.  117,  (>1  pp.,  1894. 

All  the  names  of  towns,  rivers,  etc.,  given  on  the  topographic  atlas 
of  1893  are  listed  and  briefly  described;  the  area  of  each  county  is 
given. 

Z2I.    Gannett,  H. 

Magnetic  declination  in  the  United  States. 

U.  S.  Geol.  Surv.,  17th  Ann.  Rept.  for  1895-96,  pt.  i,  211- 
428,  1896. 

(See  also,.  U.  S.  Coast  and  Geod.  Surv.,  Rept.  for  1888.) 

Data  for  determination  of  secular  variation  based  on  observations 
at  Hartford  from  1810  to  1879,  at  New  Haven  from  181 1  to  1885,  and 
in  less  degree  at  other  stations.  The  west  declination  of  the  needle  in 
1900  for  places  in  Connecticut  is  as  follows:  Stamford  9^  45';  Norwalk 
10**  10';  Black  Rock  lo*  10';  Bridgeport  9*  40';  Hartford 
9*  20';  Saybrook  10**  10';  Middletown  lo**  10';  Mil  ford  9"  55';  New 
•    Haven  9**  35';  Hebron  9®   10';  Pomfret  11°  00';  Putnam  ii*   10'. 

122.    Gibb,  G.  E. 

Crystallized  bodies  discovered  in  meteoric  stone. 
Am.  Min.  Jour.,  i,  190,  1814, 

Pyrite  crystals  found  in  Weston  meteorite:  prove  rock  not  formed 
in  the  air.     (See   Silliman  and  Kingsley,  261.) 

12$.    Gregory,  H.  £. 

Connecticut.     (Well   and   spring  records.) 

U.   S.   Geol.   Surv.,  Water-Supp.   and   Irr.    Paper   No. 

102,  127-159,  1904. 

Considers  briefly  the  underground  water  conditions  (127)  and  gives 

tables  and  notes  relating  to  wells  (128-149)  and  springs  (i49-iS9.)     The 
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well  data  include  source,  temperature,  yield,  quality  (including  analyses), 
and  uses;  the  spring  data,  temperature,  yield,  source,  use,  improve- 
ments, and  quality  (including  analyses). 

124.  Gregory,  H.  £. 

Underground  waters  of  eastern  United  States:  Connec- 
ticut. 

U.  S.  Geol.  Surv.,  Water-Supp.  and  Irr.  Paper  No. 
114,  76-81,  map,  1905. 

The  water  supply  as  related  to  the  geology  of  the  state.  The  lime- 
stone area,  sandstone  area,  crystalline  area,  faults,  drift,  are  the  sub- 
heads. 

124SU    Gregory,  H.  £. 

The  Geology  of  Connecticut  as  related  to  water  supply. 
Connecticut  Board  Agric,   Rept.,  283-297,   1906. 

Description  of  the  sources  of  water  supply  —  rivers,  lakes,  ground 
water. 

ia4b.    Gregory,  H.  £.,  and  Rice,  W.  N. 

Manual  of  Connecticut  geology. 

Connecticut  State  Geol.  Nat.  Hist.  Surv.,  Bull.  No.  6. 
259  PP-,  31  pis.,  22  figs.  (10  maps),  1906. 

(See  Rice  and  Gregory,  243a.) 

1240.    Gregory,  H.  £.,  and  Robinson,  H.  H. 

Preliminary  geological  map  of  Connecticut. 

Connecticut  State  Geol.  Nat.  Hist.  Surv.,  Bull.  No.  7. 
39  pp.,  I  fig.,  1907,  together  with  a  geological  map  of  Con- 
necticut, 1906. 

A  description  of  the  geological  map,  also  an  outline  of  the  geology 
of  the  state,  history  of  the  Connecticut  surveys,  and  an  outline  of 
geological  work  done  in  the  state  by  various  organizations  and  indi- 
viduals. 

125.  Griswold,  L.  S. 

A  basic  dike  in  the  Connecticut  Triassic. 
Mus.  Comp.  Z06I.,  Bull,  xvi,  239-242,  1893. 

Description  (chiefly  petrographic)  of  a  dike  occurring  on  the  outlet  of 
Beseck  lake,  about  a  quarter  of  a  mile  west  of  the  Air  Line  R.R.  at 
Bailcyville;   the  rock   probably   an  augite-amphibole-fourchite. 

126.  Gurlt,  A. 

On  a  remarkable  deposit  of  wolfram  ore  in  the  United 
States. 
Am.  Inst.  Min.  Eng.,  Trans.,  xxii,  236-242,  1893. 

Description  of  the  wolfram  ores  and  their  geological  occurrences. 
The  Connecticut  ores,  consistint?  of  wolframite,  scheelite,  and  wolfram 
ochre,  occur  upon  a  "  so-called  contact  deposit "  imbedded  between 
crystalline  limestone  and  gneiss  in  Trumbull.  The  wolframite 
crystals  are  pseudomorphs  after  scheelite.  Brief  history  of  the  work- 
ings of  the  mine  is  given.     (See  Hobbs,   156.) 
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127.    HaU,  J. 

Paleontology  of  New  York,  volume  3,  containing  de- 
scriptions and  figures  of  the  organic  remains  of  the  Lower 
Helderberg  group  and  the  Oriskany  sandstone,  1855-59  (with 
volume  of  120  plates),  xii,  523  pp.,  4°,  Albany,  1859. 

The  introduction  to  this  volume  (1-96)  includes  a  general  discussion 
of  the  conditions  of  deposition  and  of  mountain-making,  with  mention 
of  formations  occurring  in  Connecticut. 

Z28.    Hawes,  G.  W. 

The  trap  rocks  of  the  Connecticut  valley. 
Am.  Jour.  Sci.,  (3)  ix,  185-192,  1875. 

Demonstration,  by  chemical  analyses,  of  the  common  source  of  the 
hydrous  and  anhydrous  varieties  of  trap  rock. 

129.  Hawes,  G.  W. 

The  rocks  of  the  "chloritic  formation"  on  the  western 
border  of  the  New  Haven  region. 

Am.  Jour.  Sci.,  (3)  xi,  122-126,  1876. 

Proof,  by  chemical  analysis,  of  the  similarity  between  the  metamor- 
phic  schists  and  trap  rocks  of  the  New  Haven  region. 

130.  Hawes,  G.  W. 

On  the  mineralogical  composition  of  the  normal  Meso- 
zoic  diabase  upon  the  Atlantic  border. 
U.  S.  Nat.  Mus.,  Proc,  iv,  129-134,  1881. 

Chemical  analyses  of  these  rocks  show  that  the  unaltered  Mesozoic 
diabases  are  all  very  much  alike,  and  are  composed  of  augite,  iron  oxide, 
in  the  form  of  magnetic  and  titanic  iron,  and  a  feldspar  that  has  been 
shown  to  be  labradorite:  the  Triassic  diabases  are  monotonously  like 
those  in  the  older  formations.     (See  Dana,  50.) 

X31.    Hitchcock,  C.  H. 

On  the  so-called  talcose  schist  of  Vermont. 
Am.  Assoc.  Adv.  Sci.,  Proc,  xiii,  321-329,  i860. 

Description,  both  chemical  and  geological,  of  so^uiUed  talcose  schist 
of  Vermont;  name  a  misnomer;  comparatively  little  magnesia.  Brief 
mention  of  the  Connecticut  schist  as  an  extension  of  the  Vermont 
area. 

132.  Hitchcock,  C.  H. 

The  relations  of  the  geology  of  New  Hampshire  to  that 
of  the  adjacent  territory. 
Geol.  of  New  Hampshire,  ii,  3-36,  i  pi..  Concord,  1877. 

Reference  to  the  formations  of  the  Connecticut  valley,  including 
the  sandstone  of  Connecticut 

133.  Hitchcock,  C  H. 

Maine,  New  Hampshire,  Vermont,  Massachusetts, 
Rhode  Island,  and  Connecticut,  geological  formations. 
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Macfarlanc's  Am.  Gcol.  R.  R.  Guide,  56-66,  1879;  2d 
ed.,  rev.  and  enl.,  1890. 

List  of  tUtiont  on  Connecticut  rmilroads  given,  with  character  and 
age  of  rock  to  be  seen  at  each  place.  An  attempt  is  made  to  correlate  the 
rock  groups  of  Percival  with  those  of  other  localities,  thus  introducing 
the  terms  Laurentian,  Montalban,  etc.,  into  Connecticut  geology. 

Z34.    Hitchcock,  C.  H. 

North  America  in  the  ice  period. 

Pop.  Sci.  Mon.,  XX,  229-242,  1882. 

There  was  an  eastern  American  area  of  ice  which  included  Con* 
necticut,  and  whose  center  was  in  Labrador.  Old  channels  of  the 
Hudson  and  Connecticut  rivers  indicate  an  oscillation  of  leveL 

Z35.    Hitchcock,  C.  H. 

Geological  map  of  United  States  and  part  of  Canada. 
Am.  Inst.  Min.  Eng.,  Trans.,  xv,  465-488,  map,  1886. 

Discussion  and  description  of  the  scheme  of  coloration  and  nomen* 
clature,  recommended  by  the  International  Geological  Congress,  for 
representing  the  various  geological  formations  on  a  map;  review  of 
earlier  maps  of  Maclure,  Hall,  Lyell,  E.  Hitchcock,  Marcou,  H.  D. 
Rogers,  Hall  and  Lesley,  Hall  and  Logan,  C.  H.  Hitchcock  and  Blake, 
C.  H.  Hitchcock  and  McGee.  Brief  mention  of  geological  formations  in 
Connecticut. 

136.    Hitchcock,  E. 

A  sketch  of  the  geology,  mineralogy,  and  scenery  of 
the  regions  contiguous  to  the  river  Connecticut;  with  a 
geological  map  and  drawings  of  organic  remains;  and  oc- 
casional botanical  notices. 

Am.  Jour.  Sci.,  (i)  vi.,  1-86,  201-236,  map,  1823;  vii,  1-30, 
map,  1824. 

In  these  articles  are  described  the  "  East  Haven  granite  " ;  granitic 
veins  "contemporaneous  with  the  formation  of  the  rock";  porphyritic 
granite;  hornblende  slate,  mica  slate,  as  in  Bolton,  Litchfield,  etc; 
chlorite  slate  in  Milford;  Primitive  greenstone  in  West  Haven  and 
Wolcott;  verd-antique  in  Milford;  Old  Red  sandstone,  including  large 
areas  of  **  Coal  formation "  and  containing  fossil  bones;  Secondary 
greenstone,  its  structure,  composition  and  distribution.  The  "  green- 
stone"  forms  beds  in  the  peculiar  rocks  of  the  Coal  formation,  and 
both  greenstones  and  Coal  formation  rest  on  Old  Red  sandstone;  talus 
proves  recent  creation  of  earth;  greenstone  probably  of  igneous 
origin;  coal  occurs  in  Middletown,  Chatham,  Southington,  Berlin,  Som- 
ers,  Ellington,  Enfield;  is  in  very  thin  seams;  fish  remains  obtained  at 
Westfield,  and  plants  from  Granby;  alluvion;  geest,  the  bowlders  of 
which  were  deposited  by  a  current  from  the  northeast.  Eleven  mines 
are  described,  also  119  mineral  and  rock  species.  Lakes  formerly 
existed  in  the  Connecticut  valley.  Table  given  showing  relative  age  of 
all  rocks. 

337.    Hitchcock,  E. 

Miscellaneous  notices  of  mineral  localities,  with  geo- 
logical remarks. 
Am.  Jour.  Sci.,  (i)  xiv,  215-230,  1828. 
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Native  iron,  augite,  and  tremolite  at  Canaan;  iron  ore  at  Saliabuiy; 
prehnite,  greenttone»  sandftone,  and  shale  at  Woodbury;  petrified  tree 
stump  at  Southbury.  In  the  vicinity  of  Lane's  mine  at  Monroe  were 
found  wolfram,  topaz,  carbonate  of  iron,  hornblende,  smoky  and  yellow 
quartz,  green  feldspar,  brown  spar,  associated  with  tripoli,  black 
schorl,  chlorophane. 

138.  Hitchcock,  E. 

Report  on  the  geology  of  Massachusetts,  Pt.  i.  Eco- 
nomic geology. 

Am.  Jour.  Sci.,  (i)  xxii,  1-70,  map,  1832. 

Describes .  the  location  and  character  of  the  following  formations  in 
Connecticut:  mica-slate,  argillaceous  and  flinty  slate,  limestone,  scapolite' 
rocks,  gneiss,  hornblende  slate,  granite.  New  Red  sandstone,  greenstone, 
talcose  slate;  states  their  value  as  building  stones  and  soil*formen. 
Mentions  iron  ore  at  Salisbury,  copper  near  Granby;  soap>stone  near 
Somers;  also  porcelain  clay.  Gives  opinion  that  the  so*called  coal 
formation  of  Connecticut  is  the  New  Red  sandstone  or  its  equivalent. 

139.  Hitchcock,  E. 

Ornithichnology.  Description  of  the  foot-marks  of 
birds  (ornithichnites)  on  New  Red  sandstone  in  Massa- 
chusetts. 

Am.  Jour.  Sci.,  (i)  xxix,  307-340,  2  pis.,  1836.  Abstract: 
Neues   Jarhb.,   467-472,   1836. 

General  and  detailed  description  of  bird-tracks  found  in  sandstone 
in  various  parts  of  Massachusetts.  Comparison  of  birds  to  modem 
species.  Theories  as  to  the  geological  age  of  the  sandstone,  as  to  the 
geographical  conditions  at  the  time  when  the  birds  were  alive,  and  as  to 
the  manner  in  which  the  foot-marks  were  made  and  preserved. 

140.  Hitchcock,  E. 

Bed  of  the  Connecticut  river. 

Geol.  Massachusetts,  Final  Rept.,  334,  1841. 

Describes  flow  and  fall  of  the  Connecticut  River. 

141.  Hitchcock,  E. 

The    phenomena    of    drift,    or    glacio-aqueous    action    in 
North  America,  between  the  Tertiary  and  Alluvial  periods. 
Assoc.  Am.  Geol.,  Trans.,  164-221,  1843. 

Discussion  of  the  origin  of  drift:  "  Phenomena  of  drift  are  the  re- 
sult of  the  joint  and  alternate  action  of  ice  and  water."  Some  of  the 
data  taken  from  observations  in  Connecticut. 

(The  author  at  this  early  date  accepted  a  great  deal  of  the  glacial 
theory  as  known  at  the  present  day. —  Ed,) 

142.  Hitchcock,  E. 

Description  of  several  species  of  fossil  plants  from  the 
New  Red  sandstone  formation  of  Connecticut  and  Massa- 
chusetts. 

Assoc.  Am.  Geol.,  Trans.,  294-296,  i  pi.,  1843. 

Description  of  Coniferae  found  at  Woodbury  and  Southbury. 
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X43.    Hitchcock,  E. 

On  the  trap  tuff,  or  volcanic  grit  of  the  Connecticut 
valley,  with  the  bearings  of  its  history  upon  the  age  of 
the  trap  rock  and  sandstone  generally  in  that  valley. 

Am.  Jour.  Sci.,  (2)  iv,  199-207,  2  figs.,  1847.  Abstract: 
Am.  Jour.  Sci.,  (i)  xlvii,  103,  104,  1844. 

Tuff  near  Mount  Tom  described  in  detail.  Order  of  events:  De- 
position of  sandstone;  bedded  traps  produced  at  intervals;  *'  principal 
trap  ranges  emerged  with  considerable  disturbance  of  sandstone.** 
General  dip  of  sandstone  due  to  lateral  pressure. 

144.    Hitchcock,  E. 

An  attempt  to  discriminate  and  describe  the  animals 
that  made  the  fossil  foot-prints  of  the  United  States,  and 
especially  of  New  England. 

Am.  Acad.  Arts  Sci.,  Mem.,  iii,  129-256,  24  pis.,  1848. 

Forty-seven  species  of  animals  described  from  their  foot-prints 
have  been  found  in  the  Connecticut  valley,  in  Massachusetts  and  Con- 
necticut,  classified  as  follows:  12  quadrupeds;  2  annelids  or  molluscs; 
3  of  doubtful  origin;  32  bipeds,  mostly  birds.  The  Connecticut  localities 
where  the  remains  were  found  are  Suffield,  Rocky  Hill,  Wethersfield 
cove,  2  miles  south  of  the  cove,  Portland,  2  miles  west  of  Middletown. 

Z45.    Hitchcock,  E. 

Illustrations  of  surface  geology. 

Smithson.  Contr.  Knowl.,  ix,  art.  iii,  155,  12  pis.,  1857. 

Detailed  description  of  the  terraces  and  beaches,  particularly  of 
the  Connecticut  valley;  they  were  formed  during  a  period  of  sub- 
mergence of  the  continent  when  the  ocean  stood  relatively  2,000'  feet 
higher  than  its  present  level;  drift  (unmodified  deposits)  produced  par- 
tially, by  glaciers,  mostly  by  icebergs,  possibly  by  mountain  slides  and 
earthquake  waves. 

146.    Hitchcock,  E. 

Ichnology  of  New  England;  a  report  on  the  sandstones 
of  the  Connecticut  valley,  especially  its  fossil  foot-marks, 
xii,  220  pp.,  50  pis.,  including  hand-colored  map.  Boston, 
1858,  published  by  the  Commonwealth  of  Massachusetts. 

Abstract  and  review:  Am.  Jour.  Sci.,  (2)  xxvii,  270-272, 

1859. 

First  foot-prints  found  in  South  Hadley,  1802,  spoken  of  as  tracks 
of  "Noah's  Raven";  in  1836  tracks  observed  on  flagging  stone  from 
Montague,  and  sent  to  Hitchcock  by  Deane  as  **  foot-prints  of  birds." 
Connecticut  valley  sandstones  above  and  below  the  traps  are  of  differ- 
ent ages,  the  upper  being  Jurassic,  the  lower  may  be  Triassic  and  Per- 
mian. Trap  was  deposited  on  sandstone.  Connecticut  localities  from 
which  foot-prints  were  obtained  are  Suffield,  Rocky  Hill,  Wethersfield, 
Portland,  Middletown,  Middlcfield,  Durham.  The  question  of  the  dis- 
covery of  foot-prints  is  discussed,  and  a  bibliography  of  63  titles  is 
given. 

(See  Deane,   101.) 
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147.    Hitchcock,  E. 

Supplement  to  the  ichnology  of  New  England. 

93  PP.»  20  pis.,  edited  by  C.  H.  Hitchcock,  published  by 
Commonwealth  of  Massachusetts,  1865. 

In  this  report  37  new  species  are  described,  and  a  catalogue  is  given 
of  the  specimens  in  the  Hitchcock  Ichnological  Cabinet  at  Amherst. 

148    'Hitchcock,  Edward. 

Biography. 

C.  H.  Hitchcock:  Am.  Geol.,  xvi,  133-149,  1895. 
Lesley:  Nat.  Acad.  Sci.,  Biog.  Mem.,  i,  115-134,  1877. 
Pop.  Sci.  Mon.,  xlvii,  689-696,  1895. 

149-    Hobbs,  W.  H. 

Notes  on  some  pseudomorphs  from  the  Taconic  region. 

Am.  Geol.,  x,  44-48,  1892. 

Description  of  tremolite  pseudomorphs  after  salite,  also  pseudo> 
morphs  after  feldspar,  found  in  the  northwestern  part  of  Connecticut, 
mainly  in   Canaan  and  Norfolk  townships. 

150.  Hobbs,  W.  H. 

On  the  geological  structure  of  the  Mount  Washington 
mass  of  the  Taconic  fange. 

Jour.  Geol.,  i,  717-736,  4  figs.,  2  pis.,  map  and  sections, 
1893. 

Evidence  that  schist  of  this  vicinity  is  below  limestone,  and  structure 
of  mountain  is  essentially  anticlinal.  Schist  of  northern  extremity  is 
above  liipestone;  calcareous  beds  alternate  with  the  schists,  which  have 
been  shown  to  possess  marked  lithological  differences;  probability  of  the 
beds  being  Ordovician,  although  a  portion  may  be  Cambrian.  The 
Mount  Washington  series  consists  of  four  members,  in  order  of  age 
as  follows:  i.  Canaan  dolomite;  2.  Riga  schist;  3.  Egremont  lime- 
stone; 4.  Everett  schbt.  Striking  lithological  distinctions  separate  the 
two  schist  horizons. 

151.  Hobbs,  W.  H. 

The  geological  structure  of  the  Housatonic  valley  lying 
east  of  Mount  Washington. 

Jour.  Geol.,  i,  780-802,  9  figs.,  3  pis.,  map  (pi.  v),  1893. 

District  contains  same  horizons  as  Mount  Washington.  Ridges  are 
anticlinals  of  Riga  schbt  produced  by  north-south  compression.  Area 
marked  by  unsymmetrical  folds.  A  reversed  fault  (Housatonic  fault) 
has  complicated  the  stratigraphy,  and  resulted  in  production  of  meta* 
morphic  minerals. 

xsa.    Hobbs,  W.  H. 

Differential  faults. 
Am.  Geol.,  xiv,  35-37»  1894. 

Discussion  of  a  new  type  of  fault  — "  differential  fold  fault,'* — and 
description  of  one  at  the  Housatonic  river  in  Canaan. 
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153.    Hobbm  W.  H. 

Mineralogical  notes. 

Am.  Jour.  Sci.,  (3)  i,  121-128,  1895. 

Description  of  apatite  and  hessonite  from  a  pegmatite  vein  in 
Canaan. 

154-    Hobbs,  W.  H. 

The  river  system  of  Connecticut. 

Jour.  GcoL,  ix,  469-485,  2  figs.,  2  maps  (pis.  i,  ii),  1901. 

The  rivers  of  Connecticut  exhibit  an  orienUtion  which  corresponds 
closely  with  the  directions  of  a  fault  series  observed  in  the  Pomperaug 
valley;  the  **  trough  lines "  of  streams  are  believed  to  owe  their  ex- 
istence to  faults. 

155.  Hobbs,  W.  H. 

The  Newark  system  of  the  Pomperaug  valley. 
U.  S.  Geol.  Surv.,  21st  Ann.  Rept.,  pt.  iii,  7-160,  59  figs., 
27  pis.,  1901. 

The  Newark  system  of  the  Atlantic  slope  in  the  light  of  recent 
studies;  previous  work  on  the  Newark  rocks  of  the  Pomperaug  valley; 
areal  distribution  of  the  Newark  in  the  Pomperaug  valley*  and  dis- 
cussion of  its  relation  to  the  basement  floor  of  crystalline  rocks;  petro- 
graphic  and  chemical  description  of  type  specimens  of  the  region.  Dis- 
cussion of  the  elevation  and  tilting  of  the  Newark  beds;  also  of  the 
elaborate  fault  system  of  the  region, —  main  direction  of  fault  lines, 
their  expression  in  topographic  forms,  their  origin,  comparison  with 
o^er  regions,  fault  lines,  and  drainage.  Discussion  of  the  steps  in  th6 
degradation  and  erosion  of  the  region. 

(This  paper  deals  with  the  Pomperaug  area  of  Newark  rocks  after  the 
manner  of  treatment  of  the  Connecticut  valley  area  by  Davis.  This 
paper  and  the  one  by  Davis  (98) »  contain  all  the  important  facts  re- 
garding the  Connecticut  Triassic. —  Ed,) 

156.  Hobbs,  W.  H. 

The  old  tungsten  mine  at  Trumbull,  Connecticut. 

U.  S.  Geol.  Surv.,  22d  Ann.  Rept.,  pt.  ii,  7-22,  i  fig.,  5  pis., 
1901. 

The  tungsten  minerals,  wolframite  and  scheelite,  are  found  at  the 
contact  between  a  crystalline  limestone  and  hornblende  gneiss;  the 
formation  of  wolframite  after  scheelite  is  noticed,  and  the  cr3rstal- 
lographic  description  of  the  two  minerals  is  given.  The  associated  min- 
erals are  mica,  pyrite,  pyroxene,  scapolite,  garnet,  marcasite,  limonite, 
topaz,  fluor-spar,  margarodite,  quartz,  feldspar,  apatite,  sphene,  ilmenite, 
calcite,  zoisite,  epidote,  hornblende,  chalcopyrite,  malachite.  The  first 
workings  of  the  mine  were  for  copper,  lead,  and  silver: 

(See  Gurlt,  126;  Hobbs,  159) 

157.  Hobbs,  W.  H. 

Still  rivers  of  western  Connecticut. 

Geol.  Soc.  America,  Bull.,  xiii,  17-26,  3  figs.,  2  pis.,  1901. 

The  Still  river  tributary  to  the  Farmington,  and  that  to  the  Housa- 
tonic,  owe  their  origin  partly  to  geological  structure  of  the  region,  and 
partly  to  a  damming  of  the  valley  by  Glacial  drift 
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158.  Hobbs,  W.  H. 

An  instance  of  the  action  of  the  ice  sheet  upon  slender 
projecting  rock  masses. 

Am.  Jour.  Sci.,  (4)  xiv,  399-403,  2  figs.,  I  pi.,  1902. 

Data  proving  that  the  former  peaks  of  Sherman  hill  and  Castle  rock, 
in  the  Pomperaug  valley,  were  removed  by  glacier  ice. 

159.  Hobbs,  W.  H. 

Tungsten  mining  at  Trumbull  Connecticut. 
U.  S.  Geol.  Surv.,  Bull.  No.  213,  98,  1903. 
Tungsten  deposit  worked  from  1898  to  2901;  yield  of  ore  5%.     (See 
Hobbs,  156.) 

160.  Hobbs,  W.  H. 

Tectonic  geography  of  southwestern  New  England  and 
southeastern  New  York. 

Geol.  Soc.  America,  Bull.,  xv,  554-557;  Science,  xix,  527; 
Scient.  Am.,  Supp.,  Ivii,  23446,  1904. 

The  study  of  certain  key  areas,  among  them  Twin  lakes  valley  and 
Pomperaug  valley,  have  demonstrated  the  prevalence  of  normal  fault 
structures  and  their  importance  in  the  crustal  architecture  of  the  region 
described.  Joints  and  earth  lineaments  are  found  to  take  the  same 
directions.  The  facts  discovered  in  the  *'  key  areas "  are  of  wider 
application. 

x6x.    Hobbs,  W.  H. 

Lineaments  of  the  Atlantic  border  region. 

Geol.  Soc.  America,  Bull.,  xv,  483-506,  4  figs.,  3  pis., 
1904. 

The  direction  of  dominant  lineaments  (or  rectilinear  earth  features), 
usually  due  to  faults  or  joints,  is  determined  for  the  region  between 
St.  Lawrence  bay  and  Georgia.  Connecticut  is  traversed  by  the  Con- 
necticut and  Franconia  lines  N  5*^  E,  by  the  northern  fall  line  N  48^  E, 
and  by  the  Rias  coast  line,  N  65^  £. 

i6a.    Hovcy,  E.  O. 

Observations  on  some  of  the  trap  ridges  of  East  Haven 
—  Branford  region. 

Am.  Jour.  Sci.,  (3)  xxxviii,  361-383,  i  pi.,  1889.  Ab- 
stract: Am.  Assoc.  Adv.  Sci.,  Proc,  xxxviii,  232,  233,  1890; 
Am.  Nat,  xxiv,  no,  1890. 

Description  of  Pond  rock  (SaltonsUll  ridge),  Totoket  mounUin,  and 
the  neighboring  ridges  of  trap;  their  general  geological  relations  to  the 
sandstone  and  to  each  other;  conclusions  as  to  origin;  Pond  rock  con> 
sidered  intrusive. 

x^.    Hovey,  E.  O. 

A  relatively  acid  dike  in  the  Connecticut  Triassic  area. 

Am.  Jour.  Sci.,  (4)  iii,  287-292,  3  figs.,  1897. 

Petrographic  and  chemical  description  of  a  series  of  dikes  in  a 
railroad  cut  in  Fair  Haven.  The  analysis  of  one  dike  shows  it  to  be 
approximately  a  boston ite. 
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X64.    Hubbard,  O.  P. 

Great  bowlder  in  Woodbridge,  Connecticut. 

New  York  Acad.  Sci.,  Trans.,  iv,  25,  1887. 

Mention  of  a  great  basaltic  bowlder  (45x25x15  feet)  which  lies  on 
a  ridge  of  talcose  and  chlorite  slate,  5  mfles  west  of  New  Haven.  It  was 
brought  from  the  Meriden  hills  by  a  glacier.   (Dana.) 

165.  Hulbert,  E.  M. 

Copper  mining  in  Connecticut. 

Connecticut  Quart.,  iii,  23-32,  8  illus.,  1897. 

The  various  localities  where  copper  has  been  found  within  the  state 
are  described,  and  an  account  given  of  their  discovery  and  history. 
Data  are  particularly  complete  regarding  the  mines  of  Whigville  (now 
Edgewood)  near  Bristol. 

166.  Hunt,  T.  S. 

On  some  of  the  crystalline  limestones  of  North  Amer- 
ica. 

Am.  Jour.  Sci.,  (2)  xviii,  193-200,  1854. 

Description  of  four  classes  of  limestone,  their  geological  position  and 
relation  to  other  formations,  and  included  minerals.  The  limestone  of 
western  Connecticut  is  described. 

167.  Hunt,  T.  S. 

On  the  geognosy  of  the  Appalachian  system. 
Am.  Nat.,  v,  451-486,  1871;  Am.  Assoc.  Adv.  Sci.,  Proc, 
XX,  1-35,  1871. 

Age  and  geological  relations  of  the  crystalline  stratified  rocks  of 
North  America.  Separation  of  crystalline  strata  of  northern  New  York 
and  New  England  into  three  groups:  i.  The  Adirondack  or  Laurentide 
series;  a.  The  Green  mountain  series;  3.  The  White  mountain  series. 
Their  distinctive  characteristics;  tracing  of  the  groups  southward; 
geological  relations;  position  in  time  scale.  Discussion  of  the  "  Taconic 
system."  The  graphitic  mica  schists  holding  garnets  and  cyanite,  in 
Cornwall,  Connecticut,  belong  to  group  2;  other  schists  and  gneisses  of 
Connecticut  are  mentioned  as  belonging  to  one  or  more  of  the  three 
groups. 

168.  Hunt,  T.  S. 

Address  to  the  American  Association  for  the  Advance- 
ment of  Science  [abstract  and  review  of]  (Hunt,  167). 

Am.  Jour.  Sci.,  (3)  ii,  205-207,  1871. 

An  address  on  the  geology  of  the  Appalachians,  and  the  origin  of 
the  crystalline  rocks.  Mentions  especially  the  rocks  of  New  Eng« 
land. 

("  The  conclusions  throughout  Dr.  Hunt's  address  are  open  to 
doubts  and  objections." — Am.  Jour.  Sci.) 

169.  Hunt,  T.  S. 

Remarks  on  the  stratification  of  rock  masses. 
Boston  Soc.  Nat.  Hist.,  Proc,  xvi,  237-239,  1874. 
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The  stratiform  structure  in  erupted  recks  due  to  the  arrangement  of 
the  elements  in  a  flowing  and  imperfectly  liquid  material;  well  shown 
in  a  specimen  from  Groton,  Connecticut,  in  which  a  large  angular 
fragment  of  strongly  banded  micaceous  gneiss  is  inclosed  in  a  fine- 
grained eruptive  granite. 

170.  Hunt,  T.  S. 

Special  report  on  the  trap  dikes  and  Azoic  rocks  of 
southern   Pennsylvania.    Pt.   I.    Historical   introduction. 

Geol.  Surv.  Pennsylvania  (2),  Rept.  E,  xxix,  253  pp., 
Harrisburg,  1878. 

The  state  geologist  of  Pennsylvania  asked  Mr.  Hunt  to  "  collate  all 
the  known,  supposed,  and  suspected  facts  of  American  Axoic  Geology." 
The  result  is  a  history  of  pre-Silurian  geology,  and  an  attempt  to 
reconcile  divergent  views.  Various  views  regarding  the  Taeonic 
rocks,  Stockbridge  limestone,  etc.,  of  western  Connecticut  are  dis* 
cussed  without  arriving  at  definite  .conclusions. 

171.  Hunt,  T.  S. 

Geology. 

Smithson.  Rept.,  325-345,  1882. 

Review  of  the  progress  of  geology  for  1882.  Mention  of  the  Con- 
necticut  Triassic  as  described  by  Davb  —  sandstones  and  shales,  trap 
rocks  (dikes,  intruded  sheets,  extrusive  flows). 

17a.    Hunt,  Thomas  Sterry.    (1826-1892.) 

Biography. 

Frazer:  Am.  Geol.,  xi,  1-13,  1893. 

Can.  Rcc.  Sci.,  v,  145-149,  1892-3. 

173.  Jackson,  C.  T. 

Observations  on  the  age  of  the  sandstone  of  the  United 
States. 

Boston  Soc.  Nat.  Hist.,  Proc,  iii,  335-336,  338-339» 
1850. 

Mention  of  the  similarity  of  the  sandstones  of  Nova  Scotia,  Maine, 
Massachusetts,  Connecticut,  and  New  Jersey.  Notice  that  the  trap 
comes  up  as  beds  rather  than  dikes,  always  between  the  strata  of 
sandstone,  never  through  them;  amygdaloidal  character  noticed;  the 
sandstone  is  referred  to  the  Silurian,  and  is  held  to  be  related  to 
the  Lake  Superior  sandstone. 

174.  Johnston,  J. 

Notice  of  some  spontaneous  movements  observed  in 
the  sandstone  strata  in  one  of  the  quarries  at  Portland, 
Connecticut. 

Am.  Assoc.  Adv.  Sci.,  Proc,  viii,  283-286,  1855. 

Description  of  special  cases  where  the  sandstone  strata  moved  sud> 
denly  about  ^  of  an  inch  on  being  partially  cut  through  in  quarrying; 
movement  takes  place  only  in  the  general  direction  of  north  and  south. 

(See  Niles,  225.) 
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175.  Julien,  A.  A. 

On  the  geological  action  of  the  humus  acids. 
Am.  Assoc.  Adv.  Sci.,  Proc,  xxviii,  311-410,  map,  1880. 
DiscuMton  of  the  decomposition  taking  place  in  rocks,  including  the 
Triassic  sandstones  of  Connecticut,  and  the  source  of  the  iron  oxide. 

176.  Kemp,  J.  P. 

The  great  quartz  vein  of  Lantern  hill,  Mystic,   Con- 
necticut, and  its  decomposition. 
New  York  Acad.  Sci.,  Trans.,  xv,  189,  1896. 

Vein  400  feet  wide,  1,200  feet  long;  composed  almost  entirely  of  hard, 
milky  white  quartz,  which,  however,  is  very  crumbly,  due  to  effects  of 
faulting  or  crushing  rather  than  to  corroding  alkaline  solution.  The 
rock  contains  98-99.4%    SiO. 

(For  a  different  explanation  of  Lantern  hill,  see  Rice  and  Gregory, 
243a.—  Ed.) 

177.  Kemp,  J.  F. 

Granites  of  southern  Rhode  Island  and  Connecticut. 

Geol.  Soc.  America,  Bull.,  x,  361-682,  7  pis.,  1899.  Ab- 
stract: Am.  Geol.,  xxiii,  105-106,  1899;  Science,  ix,  140- 
141,  1899. 

Occurrence  and  petrography  of  granites  along  the  shore  from  Rhode 
Island  to  New  Haven,  particularly  at  Westerly  and  Stony  Credc 
Granite»  are  intrusives  of  post-Cambrian  age;  pegmatites  And  aplites 
are  described.  Analyses  of  granite  from  Westerly,  Millstone  point. 
Stony  Creek. 

178.  Killebrew,  J.  B. 

Report  on  the  culture  and  curing  of  tobacco  in  the 
United  States. 

Census  of  U.  S.,  loth  Rept.,  iii,  583-950,  1883. 

The  soil  of  the  Connecticut  and  Housatonic  valleys  is  suitable  for 
tobacco.  Terraces  of  the  Champlain  period  and  flood-plain  deposits  are 
best  adapted.  Character  of  soil  derived  from  porphyry,  micaceous  rocks, 
granite,  chlorite  slate,  sandstone,  and  trap  is  discussed. 

179.  Kimbalf,  H.  H. 

Ice  caves  and  frozen  wells  as  meteorological  phe- 
nomena. 

Mon.  Weath.  Rev.,  366-371,  August,  1901. 

Ice  deposits  found  in  summer  in  ravines  and  gorges  at  Meridcn, 
Northfield,  and  Salisbury. 

180.  Knowlton,  P.  H. 

Report  on  fossil  wood  from  the  Newark  formation  of 
South  Britain,  Connecticut. 
U.  S.  Geol.  Surv.,  21st  Ann.  Rept.,  pt.  iii,  161-162,  1901. 

Microscopical  description  of  more  or  less  silicified  wood,  of  the 
species  Araucarioxylon  virginianum  Knowlton,  found  in  the  Newark 
formations  of  South  Britain.  The  Connecticut  material  is  identical 
with  species  from  Virginia  and  North  Carolina. 
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x8x.    Koons,  B.  F. 

High  terraces  of  the  rivers  of  eastern  Connecticut. 
Am.  Jour.  Sci.,  (3)  xxiv,  425-428,  1882. 

Positions  of  former  ice  dams  as  indicated  by  the  terraces  on  the 
Thames,  Shetucket,  Natcbaug,  Hope,  and  Willimantic  rivers. 

x8a.    Koons,  B.  F. 

On  pot-holes  on  the  edge  of  a  bluff  at  Gurleyville,  Con- 
necticut. 
Am.  Jour.  Sci.,  (3)  xxv,  471,  1883. 

Brief  description  of  pot-boles  on  the  east  side  of  the  Fenton  river, 
four  miles  above  its  mouth. 

183.    Kiimmel,  H.  B. 

Some  rivers  of  Connecticut. 
Jour.  Geol.,  i,  371-393,  4  figs.,  1893. 

Connecticut  streams  have  all  been  greatly  readjusted.     The  Housa- 

tonic   has  been  "conformably  superimposed."     The  lower  Connecticut 

.  is  a  revived  consequent  stream.     The  former  course  of  the  Farmington 

was  southward  to  New  Haven;  the  Scantic  and  Quinnipiac  have  been 

much  modified. 

Z84.    La  Metherie,  J.  C.  de. 

Abstract  of  Silliman's  mineralogical  and  geological  ob- 
servations on  New  Haven  and  its  vicinity. 
Jour.  Phys.  Chim.,  Ixxv,  75-79,  1812. 
(See  Silliman,  360.) 

Z85.    Lee,  C.  A. 

Sketch  of  the  geology  and  mineralogy  of  Salisbury, 
Connecticut. 

Am.  Jour.  Sci.,  (i)  viii,  252-261,  1824. 

The  geology,  mineralogy,  and  natural  scenery  of  Salisbury  are  de« 
scribed.  The  principal  rocks  are  mica  slate,  fissile  and  injected  with 
quartz,  forming  the  highest  points,  and  granular  limestone.  A  chasm  or 
cave  in  the  compact  mica  slate  is  300x60x40  feet.  The  alluvial  deposits 
contain  iron  ore,  tree  trunks,  and  Indian  skeletons.  The  following 
minerals  are  reported:  calcium  carbonate,  calcium  sinter,  calcium  tufa, 
magnesium,  carbonate  of  lime,  dolomite,  sulphate  of  alumina^  9  varieties 
of  quartz,  fetid  carbonate  of  lime,  silicious  sinter,  hornstone,  jasper, 
staurotide,  mica,  schorl,  tourmaline,  feldspar,  beryl,  wacke,  scapolite, 
garnet,  epidote,  tremolite,  augite,  hornblende,  actinolite,  talc,  chlorite, 
argillaceous  slate,  potter's  clay,  sulphur,  petroleum,  graphite,  9  varieties 
of  iron,  galena,  zinc,  manganese,  titanium. 

186.    Lee,  C.  A. 

The  moving  rocks  of  Salisbury. 

Am.  Jour.  Sci.,  (i)  ix,  239-241,  1825. 

Bowlders  in  Northeast  and  Little  ponds  are  being  moved  shore- 
wards  by  the  ice;  one  rock  moved  2}4  feet  from  December,  1823,  to 
February,  1825,  which  i?  less  than  the  usual  rate.     (See  Petros,  232.) 
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X87.     Lindsley,  H.  W. 

Building  stones  and  the  quarry  industry. 
Census  of  U.  S.,  loth  Rept.,  x,  126-129,  1880. 

A  short  description  is  given  of  the  Connecticut  quarries  and  quarry 
regions.  The  brown  and  red  sandstone  quarries  at  Portland  and  elae> 
where  in  the  Connecticut  valley,  granite,  syenite,  serpentine,  and  verd* 
antique  marble,  are  included. 

x88.    Loomis,  I.  F. 

The  town  of  Chatham. 
Connecticut  Quart.,  v,  Z7S'Z77f  1899- 

The  old  cobalt  mine  opened  at  Great  Hill  in  176J,  by  John  Stephan« 
ney;  woriced  again  in  1770,  when  ore  was  shipped  to  England,  Holland, 
and  China.  Mine  operated  by  Seth  Hunt,  1818-1820;  by  C  U.  Shepard, 
1844;  Edmund  Brown,  1850.  Ore  is  arsenical  pyrites,  containing  80% 
arsenic,  9%  iron,  4^%  sulphur,  4%  cobalt,  and  a  trace  of  bismuth. 

189.  Leper,  S.  W. 

Fossils  of  the  anterior  and  posterior  shales. 
Geol.  Soc.  America,  Bull.,  ii,  425-430,  1891. 

Comparison  of  fauna  and  flora  from  different  localities  of  the  an- 
terior and  posterior  shales  sustains  the  theory  of  the  original  continuity 
of  the  horizons  through  all  the  now  faulted  blocks  of  the  Triassic  for* 
mation.  Localities  explored  are  as  follows:  Durham,  Bluff  Head,  Higby, 
Berlin,  Southington,  East  Haven,  North  Guilford,  Stevens,  Westfield, 
South  Bloomfield,  North  BloomAeld.  Species  found,  as  follows:  Fishes, — 
Diplurus  longicaudatus,  Newb.;  Catopterus  redfieldi,  Egerton;  Catoptems 
gracilis,  J.  H.  Redfield;  Ischypterus  microptenis,  Newb.;  Ptycholepis  mar." 
.  shii,  Newb.;  Catopterus  anguilliformis,  W.  C.  Redfield;  Catopterus  minor, 
Newb.;  Catopterus  ornatus,  Newb.;  Ischypterus  fultus,  Agassiz;  Ischyp- 
terus rainutus,  Newb.;  Ischypterus  gigas,  Newb.  Plants. —  Otozamites 
latior.  Sap.;  Otozamites  brevifolius,  F.  Br.;  Loperia  simpexl,  Newb.; 
Cycadinocarpus  chapini,  Newb.;  Equisetum  (?);  Pachyphyllum  simile, 
Newb.;  Pachyphyllum  brevifolium,  Newb.;  Clathropteris  platyphylla, 
Brong.;  Baiera  munsteriana,  Ung.;  Equisetum  rogersi,  Sch.;  Ctenophyl- 
lum  braunianum,  Sch.  Some  undetermined  species  both  of  fishes  and 
plants. 

190.  Loughlin,  G.  P. 

The  clays  and  clay  industries  of  Connecticut. 
Connecticut  State  Geol.  Nat.  Hist.  Surv.,  Bull.  No.  4, 
1-121,  1905. 

The  imporunt  clay  areas  of  Connecticut  are  the  northern,  in  the 
vicinity  of  Hartford  and  Windsor,  Clayton,  Berlin,  Quinnipiac,  and  Mill- 
dale.  The  clays  are  discussed  under  the  following  heads:  Origin; 
geological  history;  chemistry  of  clays;  physical  properties  of  clays;  com- 
mercial classification;  composition;  properties;  and  adaptabilities.  The 
clay  industries  of  Connecticut  are  discussed  under  the  following  heads: 
Prospecting;  manufacture  of  brick;  manufacture  of  pottery;  condition 
of  the  clay  industry. 
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191.    Lowrcy,  T. 

Water  cement  of  Southington,  Connecticut. 
Am.  Jour.  Sci.,  (i)  xiii,  382-383,  1828. 

Brief  description  of  hydraulic  limestone  a^  miles  east  of  South- 
ington; was  used  in  the  construction  of  the  Farmington  canal. 

xga.    Lull,  R.  S. 

Fossil  foot-pfints  of  the  Jura-Trias  of  North  America. 

Boston  Soc.  Nat.  Hist.,  Mem.,  v,  461-557,  34  figs.,  1904. 

Reviews  previous  work  upon  fossil  footprints,  describes  their  geo- 
logical occurrence,  gives  a  classification  and  systematic  description  of 
genera,  species,  and  higher  groups. 

193.  Lull,  R.  S. 

Fossils  from  the  Connecticut  valley  Triassic. 

Communicated  to  the  ^author. 

The  following  species  are  recognized  from  Connecticut: 

Batrachopus  deweyanus  E.  H.=:Anisopu8  deweyanus  E.  H.;  B. 
gracilis  E.  H.=A.  gracilis  E.  H.;  Anchisauripus  dananus  (£.  H.)=: 
Brontozoum  sillimanium  £.  H.;  A.  tuberosus  (E.  H.)  =  B.  validum 
E.  H.;  A.  exsertus  (E.  H.)  =  B.  exsertum  E.  H.;  A.  minusculus  (E. 
H.);  specimen  described  as  Plesiornis  giganteus  C.  H.  H.;  Grallator 
cuneatus  E.  H.;  G.  cursorius  E.  H.;  G.  formosus  E.  H.;  G.  tenuis  E. 
H.;  Anomoepus  curvatus  E.  H.;  A.  gracillimus  C.  H.  H.;  A.  intermedius 
E.  H.;  specimens  described  as  Plectroptema  minitans  E.  H.  and  Chi- 
maera  barratti  E.  II.;  Corvipes  lacertoidcus  E.  H.;  Eubrontes  divar- 
icatus  (E.  H.)=: Brontozoum  divar icatum  E.  H.;  E.  giganteus  E.  H.= 
B.  giganteum  E.  H.;  Otozoum  caudatum  C.  H.  H.;  Otozoum  moodii  E. 
H.;  Argoides  isodactyletus  (E.  H.)=:Argozoum  paridigitatum  E.  H.r=? 
Plesiornis  aequalipes  E.  H.;  Argoides  macrodactylotus  (E.  H.)^Argo- 
zoum  disparidigiutum  E.  H.;  Platypterna  dcaniana  E.  H.;  P.  delicatuU 
(E.  H.);  P.  tenuis  E.  H.;  Tarsoplectrus  elegans  (C.  H.  H.)=Plectrop. 
terna  elegans  C.  H.  H.;  T.  lineans  (E.  H.)=P.  lineans  E.  H.;  T.  gracilis 
(E.  H.)=:P.  gracilis  E.  H.;  Sillimanius  gracUior  E.  H.=Ornithopu8 
gracilior  E.  H.;  S.  tctradactylus  E.  H.=0.  gallinaceus  E.  H.;  Stereo- 
poides  loripes  (E.  H.)^Tridentipes  insignis  E.  H.;  ?  Trihamus  elegans 
E.  H.;  ?  T.  magnus  E.  H.;  Harpedactylus  sp.;  Ancyropus  heteroditus 
E.  H.;  Comptichnus  sp.;  Cunichnoidcs  marsupialoideus  E.  H.;  Exocampe 
ornata  E.  H.;  Isocampe  strata  E.  H.;  Palamopus  rogersianus  E.  H.  = 
Macropterna  vulgaris  E.  H.;  Typopus  abnormis  E.  H.;  T.  gracilis  E. 
H.;  Triaenopus  baileyanus  E.  H.=T.  leptodactylus  E.  H.;  Acanthichnus 
cursorius  E.  H.;  A.  cursorius  var.  alatus  E.  H.;  A.  cursorius 
var.  trilineans  E.  H.;  Conopsoides  larvalis  E.  H.;  Sagittarius 
alternans  E.  H.;  Unisulcus  marshi  E.  H.;  U.  minutus  E.  H.; 
Bisulcus  undulatus  E.  H.;  Trisulcus  laqueatus  E.  H.;  Cochlichnus  sp.; 
Cunicularius  retrahens  E.  H.;  C.  sp. 

194.  Lyell,  C. 

On  the  fossil  foot-prints  of  birds  and  impressions  of 
raindrops  in  the  valley  of  the  Connecticut. 

Geol.  Soc.  London,  Proc,  iii,  793-796,  1843;  Am.  Jour. 
Sci.,  (i)  xlv,  394-397,  1843. 

The  red  sandstone  at  Rocky  Hill  is  associated  with   red  shale,  and 
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capped  by  20  feet  of  greenstone;  the  ripple-mmrked  and  cracked  shale 
shows  drying  and  shrinking  during  deposition;  there  were  eruptions  of 
trap,  accompanied  by  upheaval  and  partial  denudation,  during  the  de* 
position  of  the  red  sandstone;  impressions  made  in  the  red  sandstone  by 
some  animal  —  undoubtedly  a  biped  —  resembling  those  which  a  bird 
leaves;  the  position  of  the  sandstone  is  between  the  Carboniferous  and 
Cretaceous.  In  the  neighborhood  of  Durham,  the  author  collected 
fishes  of  the  genera  Palaeoniscus  and  Catopterus,  but  no  other  organic 
remains  except  fossil  wood. 

195.  Lyman,  B.  S. 

Some  New  Red  horizons. 

Am.  Phil.  Soc,  Proc,  xxxiii,  192-215,  1894.    Abstract: 
Am.    Nat.,   xxviii,  878-879,    1894;    Jour.   Geol.,    ii,   644,  645, 
1894. 

Brief  review  of  Triassic  theories.  Description  of  Pennsylvania,  Vir- 
ginia,  Connecticut,  New  Jersey,  and  Massachusetts  areas,  to  show 
that  the  thickness  of  the  formation  has  been  underestimated  (in 
Pennsylvania  should  be  27,000  feet) ;  that  the  trap  outcrops,  both  in  size 
and  extent,  have  been  overestimated;  that  faults  are  not  necessary  for 
production  of  the  topographic  forms;  that  the  formation  may  prove  to  be 
as  old  at  least  as  the  Permian.  Most  of  the  trap  supposed  to  be  ex> 
trusive,  even  the  Palisades.  List  given  of  all  the  recorded  New  Red 
fossils  arranged  according  to  horizons. 

(See  critical  review,  by  G.  K.  G.,  Jour.  (5eol.,  ii,  644-645.) 

196.  Maclure,  W. 

Observations  on  the  geology  of  the  United  States,  etc. 
(explanatory  of  geological  map). 

Am.  Phil.  Soc.,  Trans.,  vi,  411-428,  1809. 

Adopts  the  Wernerian  system,  and  gives  a  classification  embracing 
all  the  formations.  Remarks  the  continuity  of  the  dolomite,  speaks  of 
cobalt  at  Middletown,  and  discusses  relation  of  rocks  of  eastern  United 
States. 

197.  Maclure,  W. 

Observations  on  the  geology  of  the  United  States  of 
North  America,  with  remarks  on  the  probable  effects 
that  may  be  produced  by  the  decomposition  of  the  differ- 
ent classes  of  rocks  on  the  nature  and  fertility  of  soils; 
applied  to  the  different  states  of  the  Union,  agreeably  to 
the  accompanying  geological  map. 

Am.  Phil.  Soc,  Trans.,  (new  series)  i,  1-91,  2  pis.,  1818; 
Leonhard's  Zeitsch.,  i,  124-138,  1818. 

Description  of  the  "  Primitive,"  "  Transition,"  "  Secondary,"  and  ••  Al- 
luvial "  formations  of  the  United  States,  east  of  the  Mississippi  Some 
accounts  of  soils  resulting  from  the  decomposition  of  these  rocks.  The 
crystallines  of  Connecticut  are  designated  as  "  Primitive "  and  the 
Triassic  as  "  Old  Red  sandstone." 

198.  Marcou,  J. 

Geological    map   of   the    United    States,    and    the    British 
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provinces  in  North  America  (with  explanatory  texts  and 
geological  sections).    92  pp.,  8  pis.,  BostcMi,  1853. 

Facts  regarding  the  Paleozoic  and  Secondary  rocks  of  Connecticut 
are  based  on  the  work  of  Hitchcock  and  Percival.  The  sandftone  ia 
considered  the  equivalent  of  the  Keuper  of  the  European  Trias;  the 
trap  is  like  that  in  Auvergne  and  in  Ireland.  Fossils  of  ganoid  fish, 
and  foot-prints  of  birds  are  found.  The  Green  Mountain  system,  the 
*'  meridional  system,"  extends  through  Litchfield  and  Fairfield  counties, 
and  terminates  near  Bridgeport;  the  Allegheny  sjrstem  is  found  east  of 
New  Haven.  The  sandstone  and  traps  are  of  the  same  age  as  the 
copper-bearing  rocks  of  Lake  Superior.  The  geological  divisions  used 
are  those  of  M.  de  Verneuil,  including  Murchison*s  grouping  of  the 
Paleozoic. 

Z99.    Marcou,  J. 

Resume  explicatif  d'unc  carte  geologique  des  fetats-Unis 
et  des  provinces  anglaises  de  TAmerique  du  Nord,  avec  un 
profil  geologique  allant  de  la  vallee  du  Mississippi  aux 
cotes  du  Pacifique,  et  une  planche  de  fossiles. 

Soc.  geol.  France,  Bull.,  (2)  xii,  813-936,  map,  pi.,  1854- 
55.  Abstract:  Petermann,  Mittheil,  i,  149-159,  map,  1855. 
Reviewed  and  errors  enumerated:  Am.  Jour.  Sci.,  (2) 
xvii,  198-206,  1854. 

Between  Carboniferous  and  Jurassic  is  a  series  of  red  sandstones 
and  shales  containing  few  fossib;  age  of  these  deposits  not  Old  Red 
sandstone  as  stated  by  some  geologists,  nor  Oolite  nor  Lias  as  contended 
by  James  Hall.  The  New  Red  sandstone  of  United  States  divided  into 
four  series,  of  which  Connecticut  rocks  are  the  highest.  49  species  of 
fossil  foot-prints  have  been  described,  also  three  ganoids.  Cupriferous 
trap  rock,  contemporaneous  with  the  sandstones,  broke  through  fissures, 
lifted  and  metamorphosed  the  sandstones,  and  spread  out  in  places 
like  lava  flows. 

aoo.    Marcou,  J. 

Geology  of  North  America,  with  two  reports  on  the 
prairies  of  Arkansas  and  Texas,  the  Rocky  mountains  of 
New  Mexico,  and  the  Sierra  Nevada  of  California.  144 
pp.,  7  pis.,  3  maps,  4**,  Zurich,  1858. 

Connecticut  valley  contains  New  Red  sandstone;  crystalline  and 
metamorphic  rocks  underlie  the  remainder  of  the  state.  Litchfield  and 
Fairfield  are  parts  of  the  Green  mountain  system.  "  Alleghenian  dislo- 
cations continue  into  Connecticut  to  the  eastward  of  New  Haven."  The 
report  contains  chapters  on  classification  of  mountains,  progress  and 
discoveries  of  geology  of  North  America,  and  bibliography  of  maps  and 
memoirs.  ^ 

(This  report  is  not  considered  trustworthy,  and  was  severely  criti- 
cised at  the  time  of  its  appearance  by  Hall,  Whitney,  Blake,  Dana,  and 
others. —  Ed.) 

201.    Markham^  P.  G. 

Volcanic  and  seismic  disturbances  in  southern  Connecti- 
cut. 

Connecticut  Mag.,  ix,  68-74,  5  figs.,  1905. 
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Deals  in  a  popular  way  with  the  well-known  evidences  sf  volcanic 
activity  in  the  New  Haven  and  Meriden  regions,  and  with  the  "  Moodus 
noises,"  which  the  author  ascribes  to  explosions  of  steam. 

302.  Marsh,  O.  C 

Notice  of  new  American  Dinosauria. 
Am.  Jour.  Sci.,  (3)  xxxvii,  331-336,  S  figs.,  1889. 
Description    of   Anchisaurus    major,    sp.    nov.,    a   small    carnivorous 
dinosaur  found  near  Manchester,  in  1884. 

303.  Marsh,  O.  C. 

Notice  of  new  vertebrate  fossils. 
Am.  Jour.  Sci.,  (3)  xlii,  265-269,  1891. 

Announces  discovery  and  gives  description  of  Ammosaurus,  gen.  nov.. 
and  Anchisaurus  cokirus,  sp.  nov.,  from  Manchester. 

304.  Marsh,  O.  C. 

Notes  on  Triassic  Dinosauria. 
Am.  Jour.  Sci.,  (3)  xliii,  543-546,  3  pls.,  1892. 
Description  of  parts  of  Anchisaurus  solus  and  A.  colurus,  and  a  dit> 
cussion  of  their  affinities. 

305.  Marsh,  O.  C. 

Restoration  of  Anchisaurus. 

Am.  Jour.  Sci.,  (3)  xlv,  169-170,  i  pi.,  1893. 

The  skeleton  of  the  dinosaur  found  at  Manchester  was  sufficiently  com- 
plete to  permit  of  restoration,  and  shows  a  slender,  delicate  dinosaur, 
which  left  foot-prints  like  the  so-called  "bird-tracks."  No  tracks  of 
true  birds  are  known  in  this  horizon. 

306.  Marsh,  O.  C. 

The  Dinosaurs  of  North  America. 

U.  S.  Geo!.  Surv.,  i6th  Ann.  Rept.,  pt.  i,  135-244,  65 
pis.,  66  figs.,  1896. 

Describes  Anchisaurus  colurus,  Anchisaurus  solus,  Ammosaurus  major, 
from  Manchester.  Ammosaurus  major  was  previously  described  as 
Anchisaurus  major. 

207.    Marsh,  O.  C. 

A  new  bclodont  reptile  (Stegomus)  from  the  Connecti- 
cut river  sandstone. 

Am.  Jour.  Sci.,  (4)  ii,  59-62,  3  figs.,  i  pi.,  1896. 

Announces  discovery  of,  and  describes  remains  of,  Stegomus  arcuatus 
from  New  Haven. 

3o8.    Marsh,  Othniel  Charles  (1831-1899). 

Biography. 

Beecher:  Am.  Geol.,  xxiv,  135-137,  1899. 

Beecher :  Am  Jour.  Sci.,  (4)  vii,  403-428,  1899. 

Bidwell:  Eclectic  Mag.,  501,  502,  1878. 

Grinnell:  Pop.  Sci.  Mon.,  612-617,  1878. 

Woodwara:  Geol.  Mag.,  (new  ser.)  vi,  237-240,  1899. 
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209.    Mather,  W.  W. 

Illustrations  of  a  section  through  a  part  of  Connecticut, 
from  Killingly  to  Haddam  on  the  Connecticut  river. 

Am.  Jour.  Sci.,  (i)  xxi,  94-97.  1832. 

Description  and  general  relations  of  the  following:  granular  fclcU 
spar  rock  and  its  passage  into  kaolin;  granular  quartz  rock;  gneist  in 
thick  strata;  contorted  gneiss;  gneiss  traversed  with  veins  of  granite; 
mica  slate;  syenitic  and  hornblende  rocks. 

axo.    Mather,  W.  W. 

A  geological  map  of  New  London  and  Windham  coun- 
ties. 
Am.  Jour.  Sci.,  (i)  xxiii,  404,  1833. 

Notice  of  map  based  on  geological  data  of  Mather  to  be  published  by 
William  Lester,  Jr. 

an.    Mather,  W.  W. 

Sketch  of  the  geology  and  mineralogy  of  New  London 
and  Windham  counties  in  Connecticut.  36  pp.,  map,  Nor- 
wich, 1834. 

A  detailed  study  of  the  geology  of  New  London  and  Windham 
counties.  The  formations  recognixed  are:  1.  Gneiss;  2.  hornblende 
slate;  3.  mica  slate;  4.  granular  fdd^Mtr;  5.  granular  quartz;  6. 
sienite;  7.  granite;  8.  limestone;  9.  tertiary;  10.  diluvial;  11.  alluvial. 
Each  of  these  groups  is  discussed  under  the  following  heads:  (a) 
Chemical  and  external  character;  (b)  range  and  extent;  (c)  elevation 
and  general  character  of  hilk;  (d)  inclination  and  thickness  of  the 
rodcs  and  veins;  (e)  water  and  ^nings;  (f)  a^cultural  character;  (g) 
mineral  contents;  (h)  application  to  useful  purposes.  Primitive  and 
Tertiary  formations  are  present,  but  no  Secondary. 

axa.    Mather,  W.  W. 

Fossil  fishes  in  Connecticut  sandstone. 

Neues  Jahrb.,  531-532,  1834. 

Specimens  of  fish  turned  to  bituminous  coal,  but  with  scales  per- 
fectly preserved,  are  found  twenty  miles  from  New  Haven;  they  oc- 
cur ia  bituminous  shale,  '*  red  marl,"  and  sandstone. 

313.    Mather,  W.  W. 

Geology  of  New  York,  Part  I  (first  report  on  south- 
eastern district),  xxxvii  +  671  pp.,  46  pis.,  4*,  Albany,  1843. 

Glacial  striae  and  till  are  noted  as  o^^rring  in  Connecticut,  and  the 
origin  of  the  drift  deposits  is  discussed.  The  traps  and  sandstone  of 
Connecticut  and  New  York  are  of  the  same  age;  the  dip  of  the  sand- 
stone is  due  to  the  original  deposition  by  equatorial  and  polar  currents. 
Identical  Cambro-Silurian  metamorphic  rocks  occur  in  western  Con- 
necticut and  eastern  New  York. 

ax4.    Mather,  William  Williams.     (1804-1859.) 

Biography. 

Am.  Jour.  Sci.,  (2)  xxvii,  452,  1859. 
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2x5.    Matthew,  W.  D. 

Monazite  and  orthoclase,  from  South  Lyme,  Connecticut. 
Sch.  Mines  Quart.,  xvi,  331-333,  1895. 
Detailed  description  of  a  large  crystal  of  monmsite. 

3x6.    Mease,  J. 

A  geological  account  of  the  United  States,  comprehend- 
ing a  short  description  of  their  animal,  vegetable,  and 
mineral  productions,  antiquities,  and  curiosities,  iii  + 
496  +  xiv  pp.,  Philadelphia,  1807. 

The  geological  portion  comprises  55  pages,  35  of  which  are  devoted 
to  a  catalogue  of  minerals. 

Contains  exaggerated  descriptions  of  Connecticut  scenery. 

3x7.    Merrill,  G.  P. 

Report  on  building  stone  of  the  United  States  and  statis- 
tics of  quarry  industry  for  1880. 
Census  of  U.  S.,  loth  Rept.,  x,  15-29,  1880. 

Description  of  microscopic  structure  and  mineral  composition  of 
some  of  the  more  common  kinds  of  building  stones.  The  Connecticut 
specimens  described  are  hornblende*biotite  gneiss  from  Middletown  and 
sandstone  from  Portland. 

3x8.    MerriU,  G.  P. 

The  collection  of  building  and  ornamental  stones  in  the 
United  States  National  Museum. 

Smithson.    Rept.,  pt.  ii,  277-648,  9  pis.,  1886. 

General  description  of  the  minerals  of  building  stones;  physical  and 
chemical  properties  of  rocks;  classification  of  rocks;  quarrying; 
weathering  and  selection  of  building  stones.  Rocks  described  as  oc« 
curring  in  Connecticut  are  serpentine,  limestone,  dolomite,  marble, 
granite,  diabase,  sandstone. 

3x9.    Miller,  S.  A. 

North  American  Mesozoic  and  Cenozoic  geology  and 
paleontology. 

Cincinnati  Soc.  Nat.  Hist.,  Jour,  ii,  140- 161,  223-244, 
1879;  i"»  9-32,  79-118,  165-202,  245-288,  1880;  iv,  3-46,  93-144, 
183-234,  1881;  also  issued  separately.  338  pp.  Cincinnati, 
1881. 

Contains  a  compilation  of  data  regarding  composition,  structure, 
origin,  and  fossil  contents  of  the  Triassic  rocks  of  Connecticut. 

330.    Newberry,  J.  S. 

Report  on  building  stones  of  the  United  States,  and  sta- 
tistics of  the  quarry  industry. 

Census  of  U.  S.,  loth  Rept.,  x,  318-324,  1884. 

Limestone  of  Greenwich  mentioned  as  building  stone  (was  used  in 
the  construction  of  a  portion  of  the  wall  in  Central  Park).  Thomaston 
granite  well  adapted  to  monumental  work;  Millstone  point  granite, 
fine,  dark  gray;  that  of  Leete  Island,  reddish  gray,  rather  coarse-grained 
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gneiss;  that  of  Stony  Creek,  pale  red  in  color,  medium  grain,  a  strong, 
compact,  handsome  stone.  Short  description  also  of  granite  at 
Winnepauk,  'Norwalk,  and  red  granite  at  Lorme,  also  that  at  Niantic 
Marble  of  Canaan  is  mentioned. 

aai.    Newberry,  J.  S. 

Fossil  fishes  and  fossil  plants  of  the  Triassic  rocks  of 
New  Jersey  and  the  Connecticut  valley. 

U.  S.  Geol.  Surv.,  Mon.  xiv,  122  pp.,  26  pis.,  1888.  Ab- 
stracts: New  York  Acad.  Sci.,  Trans.,  vi,  124,  128,  1887; 
Am.  Jour.  Sci.,  (3)  xxxviii,  77-78,  1889;  Am.  Nat.,  xxii, 
639,  1888;  Am.  Geol.,  iv,  187-188,  1889;  Pop.  Sci.  Mon., 
xxxvi,  562-563,  1889. 

Short  sketch  of  the  geological  relations  of  the  Triassic  rocks  of 
New  Jersey  and  the  Connecticut  valley.  Description  of  the  following 
fossil  fishes  found  in  Connecticut:  Ischypterus  ovatus,  W.  C.  R.; 
Ischypterus  micropterus,  n.  sp.;  Ischypterus  tenuiceps,  Ag.  sp.;  Ischyp- 
terus  fultus,  Ag.  sp.;  Ischypterus  parvus,  W.  C.  R.  (MS);  Ischypterus 
latus,  J.  H.  R.;  Ischypterus  minutus,  a.  sp.;  Catopterus  redfieldi.  Eg* 
erton;  Catopterus  gracilis,  J.  H.  R.;  Catopterus  minor,  n.  sp.;  Catop- 
terus  anguilliformis,  W.  C  R.;  Catopterus  parvulus,  W.  C.  R.; 
Ptycholepis  Marshi.,  Ncwb.;  Diplurus  longicaudatus,  Newh.  Descrip- 
tion of  the  following  fossil  plants  found  in  Connecticut;  Dendrophycus 
Triassicus,  n.  sp.;  Baiera  mnnsteriana,  Ung.;  Schizoneura  planicostata, 
Rogers  sp.;  Pachyphyllum  simile,  n.  sp.;  Pachyphyllum  brevifolium,  n. 
sp.;  Otozamites  latior,  Saporta;  Cheirolepis  munsteri,  Schimper;  Oto- 
samites  brevifolius  F.  Br.;  Cycadinocarpus  chapini  Newb.;  Loperia  sim* 
plex,  n.  sp.;  Oathropteris  platyphylla  Brong. 

aaa.    Newberry,  John  Strong.    (iSaa-iSga.) 

Biography. 

Kemp:  Geol.  Soc.  America,  Bull.,  iv,  393-409,  1892. 
Kemp:  Sch.  Mines  Quart.,  94- in,  Jan.,  1893. 
Stevenson:  Am.  Geol.,  xii,  1-26,  1893. 

aaa.     [Newell,  F.  H.]  U.  S.  Geological  Survey. 

The  Connecticut  river. 

U.  S.  Geol.  Surv.,  14th  Ann.  Rept.,  pt.  ii,  140-146,  1893. 

Tables  are  given  showing  discharge,  rainfall,  run-off  at  Hartford 
for  years  187 1- 1885;  based  on  observations  made  by  United  States 
Army  Corps  of  Engineers. 

aa4.     [Newell,  F.  H.]  U.  S.  Geological  Survey. 

Connecticut  river:  A  study  of  the  discharge  and  run-off 
of  the  river  at  Holyoke,  Massachusetts,  1880-1895. 

U.  S.  Geol.  Surv.,  Bull.  No.  140,  37-41,  1896. 

(This  is  to  be  compared  with  the  report  on  the  Connecticut  river  at 
Hartford,  223.— £d.) 

sas.    Niles,  W.  H. 

The  geological  agency  of  lateral  pressure  exhibited  by 
certain  movements  of  rocks. 


Digitized  by  VjOOQIC 


54  CONNECTICUT   GEOL.    AND    NAT.    HIST.    SURVEY.       [Bull. 

Boston  Soc.  Nat.  Hist.,  Proc,  xviii,  '272-2S4,  1876.  Ab- 
stract: Am.  Nat.,  x,  127,  1876. 

Evidence  obtained  from  varioui  quarries  showing  that  rocks  are  in 
a  state  of  tension  or  compression.  Shown  by  bulgings,  crushings,  and 
explosions  when  rock  is  remored  from  the  quarries.  Due  to  lateral 
pressure  occasioned  by  the  contraction  of  the  globe.  A  general  phe- 
nomenon. Among  other  localities  observed  were  those  of  Waterford 
and  Groton.    (See  Johnston,  174.) 

236.    Norton^  H. 

Glacier  scratches  in  Goshen,  in  northern  Connecticut.  • 
Am.  Jour.  Sci.,  (3)  xxii,  322,  1881. 

Citation  of  observations  of  location  and  direction  of  five  glacial 
striae  in  Goshen,  Connecticut,  as  follows:  S4i^E;  S77**E;  SjS^E^ 
Ssa^'^E;  S58<»E. 

at7.    Pcct,  C.  E. 

Glacial   and   post-Glacial    history   of   the    Hudson   attd 
Champlain  valleys. 
Jour.  Gcol.,  xii,  415-469,  617-660,  27  maps  and  figs.,  19614. 

The  relation  of  the  Hudson  water  body  to  that  of  the  Connectiettt 
valley  is  briefly  discussed. 

228.  Percival,  J.  G. 

Notice  of  the  locality  of  sulphate  of  barytes,  from 
which  a  specimen  was  analyzed  by  Mr.  G.  T.  Bowen,  and 
of  various  other  mineral  localities  in  Berlin,  Connecticut. 

Am.  Jour.  Sci.,  (i)  v,  42-45,  map,  1882. 

The  sulphate  of  barytes  is  found  in  a  vein  in  a  ridge  of  greenstone 
within  the  red  sandstone  formation,  about  one-half  mile  west  of 
Kensington  meeting  house,  in  Berlin.  Mentions  a  coal  mine  (in  green- 
stone  only),  lead  mine,  pyrites,  carbonate  of  lime,  quartz,  chalcedony, 
agate,  porous  greenstone  containing  zeolites  and  chlorite  crystals. 

229.  Percival,  J.  G. 

Report  on  the  geology  of  the  state  of  Connecticut.  486 
pp.,  with  map,  published  under  the  direction  of  the  Com- 
missioners appointed  by  the  State,  1842. 

The  geology  of  Connecticut  is  discussed  under  the  following  heads: 
Rocks,  10-452;  unconsolidated  materials,  453-4^7 ;  soils,  467-470;  eco- 
nomic results,  470-475;  physical  geography,  475-486.  The  rocks  are 
grouped  as  Primary  system,  11-298.  divided  into  the  western  Primary 
system  with  16  rock  formations,  and  the  eastern  Primary  system  with 
5  formations  and  numerous  subdivisions;  trap  rocks.  299-436;  the  Sec- 
ondary rocks,  426-452.  The  rocks  and  formations  are  described  in  detail, 
as  regards  their  "  mineral  composition,  structure,  and  physical  charac- 
ter." The  characters  of  the  unstratified  "  Diluvium  "  and  the  stratified 
"  Alluvium  "  are  described  at  many  localities. 

(Percival's  report  is  a  remarkable  piece  of  work.  The  difficulties 
under  which  it  was  undertaken,  and  the  care  with  which  it  was  done  are 
explained  in  the  bulletin  accompanying  the  Preliminary  Geological  Map 
of  Connecticut.     The  rock  types  and  localities  are  described  accurately. 
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the  igneous  origin  of  the  traps  is  stated,  and  the  fact  of  transportation 
of  bowlders  and  the  direction  of  their  course  is  noted.  The  author 
described  what  he  saw,  and  the  book  is  a  mass  of  geological  detail. 
With  this  abundance  of  facts,  however,  there  is  an  absence  of  general- 
isations or  of  an  attempt  to  interpret  the  phenomena  observed,  and  the 
report  is  therefore  of  little  value  to  the  reader  who  wishes  to  under- 
stand the  geological  history  of  Connecticut. —  Bd.) 

a^o.    Percival,  James  Gates.    (1795-1856.) 
Biography. 

Shepard:  Atlantic  Mon.,  iv,  59-73,  1859. 
Ward:  Life  and  Letters  of  James  Gates  Percival.    579 
pp.,  1866. 
Pettee:   Meriden  Sci.  Assoc.,  Trans.,  iv,  22-28,  1890. 
Cogswell:    Percival  and  his  friends.    Am.  Jour.  Sci.,  (2) 
xxii,  I50-I5I*  1856. 

Geol.  Surv.  Wisconsin,  preface,  1856. 

331.    Perry,  J.  B. 

Hints  toward  the  post-Tertiary  history  of  New  England 
from  personal  study  of  rocks,  with  strictures  on  Dana's  "  Geol- 
ogy of  the  New  Haven  region." 

Boston  Soc.  Nat.  Hist.,  Proc,  xv,  48-148,  1873. 

Discussion  of  the  non-adaptability  of  the  iceberg  theory  to  Ac- 
count for  all  the  drift  phenomena.  Detailed  treatment  of  the  glacier 
theory  and  it*  general  application  to  the  post-Tertiary  history  of  New 
England.  Discussion  of  the  marl  and  peat  periods  of  post-Pliocene 
time.  Criticism  from  time  to  time  of  Prof.  Dana's  article,  "  Geology  of 
the  New  Haven  Region." 

33a.    Petros  (C.  A.  Lee). 

The  moving  rocks  of  Salisbury. 

Am.  Jour.  Sci.,  (i)  v,  34-36,.  map,  1822. 

Northeast  pond  and  Little  pond,  now  separated  by  a  narrow  strip  of 
limestone  bowlders,  were  formerly  one  water  body.  Carrying  of  rocks 
shoreward  by  the  ice  has  built  this  barrier.  Between  September,  18 19. 
and  February,  1821,  a  rock  weighing  forty  tons  was  moved  shoreward 
3  rods,  2  links,  leaving  a  trench  behind. 

(This  is  one  of  the  first  quantitative  statements  of  the  importance 
of  lake  ice  in  transporting  material. —  Ed.) 

233.  Pierce,  J. 

Chalybeate  spring  at  Litchfield. 

Am.  Jour.  Sci.,  (i)  iii,  235,  236,  1821.  ^ 

An  account  of  a  "copious  and  perennial  spring  issuing  from  an  ex- 
tensive bed  of  sulphuret  of  iron,"  situated  on  the  eastern  side  of  Mount 
Prospect;  exhibits  in  its  course  much  oxide  of  iron,  ochre,  and  a 
white  deposit. 

234.  Porter,  T.  D. 

Floctz   trap   formation   in    Connecticut   and   Massachu- 
setts. 
Am.  Jour.  Sci.,  (r)  iv.,  241-242,  1822. 
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Brief  description  of  the  trap  formation  in  New  Haven  and  vicinity, 
mentioning  their  inclusions:  zeolites,  quarts,  prehntte,  etc.  Slight  dif- 
ference between  East  and  West  Rocks  and  those  in  the  region  of  East 
Haven;  i.  e.,  no  regular  jointed  structure  in  latter. 

335.  Putnam,  B.  T. 

Notes  on  samples  of  iron  ore  collected  in  Connecticut. 
Census  of  the  U.  S.,  loth  Rept.,  xv,  83-87,  map,  1886. 

Magnetic  ore  not  found  in  the  state  in  sufficient  quantities  to  pay  for 
mining;  specular  hematite  is  almost  unknown;  spathic  ore  exists  in  the 
vicinity  of  Roxbury,  but  is  not  mined;  limonite  the  only  ore  mined.  De- 
scription of  the  Kent  mine,  the  Chatfield  mine  near  Salisbury,  the 
Brookpit  or  Ore  Hill  mine,  the  Porter  mine  at  Lakeville,  the  Davis  or 
Forbes  mine  north  of  Lakeville,  and  the  Chapin  mine  west  of  Chapinville. 
Map  showing  location  of  iron  mines  accompanies  these  notes;  sketch 
of  the  Chatfield  mine. 

336.  Pynchon,  W.  H.  C. 

The  ancient  lavas  of  Connecticut. 

Connecticut  Quart.,  ii,  309-319,  17  reproductions  from 
photographs,  1896. 

Well  illustrated,  popular  account  of  the  trap  ridges  from  Tariffville 
te  New  Haven. 

337.  Pynchon,  W.  H.  C. 

Some  common  evidences  of  glacial  action  in  Connecti- 
cut. 

Connecticut  Quart.,  iv,  294-302,  10  illus.,  1898. 

A  popular  article  on  glacial  action  with  illustrations  taken  from 
Connecticut.  Views  show  striated  rock,  till,  perched  bowlder,  sand 
plain,  etc. 

338.  Pynchon,  W.  H.  C. 

Iron  mining  in  Connecticut. 

Connecticut  Quart.,  v.  —  I.  Ores  and  ore  beds,  20-26,  4 
illus:  II.  Smelting,  232-238,  8  illus.;  III.  Historical 
sketch,  277-285,  9  illus.;  1899. 

An  account  of  all  the  mines  within  the  state.  Character  of  the 
ores,  methods  of  mining  and  smelting.  An  interesting  description  of 
the  great  importance  of  the  industry  during  the  revolutionary  period, 
its  decline  and  present  condition.  The  SaIisbury*Canaan  region,  with  its 
mines,  is  described  and  illustrated  in  detail. 

239.    Psmchon,  W.^.  C. 

Drilled  wells  of  the  Triassic  area  of  the  Connecticut  val- 
ley. 

U.  S.  Geol.  Surv.,  Water-Supp.  and  Irr.  Paper  No.  no, 
PP-  65-94.  with  sketch  map  and  section,  1905. 

A  sketch  of  the  principal  geological  features  of  the  area,  followed  by 
descriptions  of  a  considerable  number  of  wells,  in  which  several  points 
of  interest  are  emphasized;  the  high  percentage  of  mineral  matter  pres- 
ent in  all  the  water,  the  general  absence  of  flowing  wells. 
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240.    Rafter,  G.  W. 

Sewage  irrigation. 

U.  S.  GeoL  Surv^  Watcr-Supp.  and  Irr.  Paper  No.  22, 
89  pp.,  1899. 

Sewage  conditions  at  Bristol,  Danbury,  Lake  Wauramaug,  Litch6eld, 
Meriden,  and  Waterbury;  gives  population,  filterage,  and  drainage 
as  found  in  these  places. 

341.    Rice,  W.  N. 

On  the  trap  and  sandstone  in  the  gorge  of  the  Farming- 
ton  river  at  Tariffville,  Connecticut. 

Am.  Jour.  Sci.,  (3)  xxxii,  430-433i  1886. 

Description  of  the  relations  existing  between  the  trap  and  sand- 
stone in  the  gorge,  praving  that  the  lower  sheet  of  trap  is  con- 
temporaneous. 

343.    Rice,  W.  N. 

First  biennial  report  of  the  commissioners  of  the  State 
Geological  and  Natural  History  Survey.  18  pp.,  Hartford, 
Connecticut,  1904. 

The  act  establishing  the  state  geological  and  natural  history  survey 
was  passed  June  3d,  1903.  The  commissioners  met  on  June  asth, 
1903,  and  appointed  William  North  Rice  superintendent.  The  work 
undertaken  during  the  first  year  includes  a  manual  of  geology,  a 
geological  map,  and  an  investigation  of  the  clays. 

243.  Rice,  W.  N. 

The  physical  geography  and  geology  of  Connecticut. 
Connecticut  Board  of  Agric,  Rept.,  74-112,  2  maps,  1904. 

A  general  sketch  of  the  geology  and  geography  of  Connecticut,  show- 
ing three  physiographic  divisions.  The  method  of  formation  of  the 
diflFerent  rocks  is  outlined,  as  is  also  the  geological  history. 

343a.    Rice,  W.  N.,  and  Gregory,  H.  E. 

Manual  of  Connecticut  geology. 

Connecticut  State  Geol.  Nat.  Hist.  Surv.,  Bull.  No.  6, 
259  PP.»  31  pis.,  22  figs.,  1906. 

This  report  is  divided  into  four  parts:  i.  Geography  of  Connecticut 
as  related  to  geological  structure  and  history;  2.  The  Cnrstalline  Rocks, 
including  a  discussion  of  their  composition  and  structure  and  also  a 
description  of  the  different  rock  formations  of  the  western  and  eastern 
Highlands;  3.  The  Triassic,  including  sedimen^ry  rocks  and  the  traps; 
4.  Glacial  Geology.  The  manual  is  "  an  outline  of  what  is  known  in 
regard  to  the  geological  structure  and  history  of  Connecticut." 

244.  Ries,  H. 

The  limestone  quarries  of  eastern  Ne^  York,  western 
Vermont,  Massachusetts,  and  Connecticut. 

U.  S.  Geo.  Surv.,  17th  Ann.  Rept.,  pt.  iii  (cont.),  795- 
811,  1896. 

Description  of  localities  and  character  of  the  limestones,  in- 
cluding the  Stockbridge  limestone,  quarried  at  Canaan,  and  used  for 
making  lime.     Chemical  analyses  are  given. 
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245.  Ries,  H. 

Clays  of  the  United  States,  east  of  the  Mississippi  river. 

U.  S.  Geol.  Surv.,  Prof.  Paper  No.  11,  1-287,  ISK>3. 

Clays  of  Connecticut,  and  analysis  of  kaolin  found  at  West  Cornwall; 
clay-working  industry  around  Berlin,  Hartford,  New  Haven,  and  Mid- 
dletown;  value  of  day  products  in  the  State. 

245a.    Robinson,  H.  H.,  and  Gregory,  H.  E. 

Preliminary  geological  map  of  Connecticut. 
Connecticut  State  Geol.  Nat.  Hist  Surv.,  Bull.  No.  7. 
39  PP*  I  fifff  together  with  a  geological  map,  1906. 
(See  Gregory  and  Robinson,  124c.) 

246.  Rogers,  H.  D. 

Nature  of  the  dip  of  the  Triassic  of  the  eastern  United 
States. 

Am.  Jour.  Sci.,  (i)  xliii,  170-171,  1842;  Assoc.  Am.  Geol., 
Trans.,  63-64,  1843. 

Brief  statement  to  the  effect  that  the  dip  of  the  Conneeticnt  sandstone 
is  the  result  of  oblique  deposition.  This  objected  to  by  LyeU  and 
Silltman.     The  latter  mentions  upheaval  as  the  cause. 

247.  Rogers,  H.  D. 

Cause  of  crescent-formed  dikes  of  trap  in  New  Jersey 
and  Connecticut. 

Am.  Jour.  Sci.,  (i)  xlv,  334,  1843. 

Brief  statement  that  the  crescent  form  of  the  trap  dikes  is  in 
some  manner  connected  with  the  dip  of  the  stratified  rocks  whkh 
they  traverse. 

248.  Rogers,  H.  D. 

Sketch  of  the  geology  of  the  United  States. 
Geol.  Pennsylvania,  ii,  741-775,  Philadelphia,  1858. 
The  geology  of  New  England  and  of  the  Connecticut  valley  is  briefly 
compared  with  that  of  other  regions. 

249.  Russell,  I.  C. 

On   the  physical   history  of  the  Triassic  formation   in 
New  Jersey  and  in  the  Connecticut  valley. 
New  York  Acad.  Sci.,  Ann.,  i,  220-254,  1879. 

Description  of  the  Triassic  areas  of  eastern  United  States,  par- 
ticularly those  in  New  Jersey  and  Connecticut.  Conclusions:  i.  The 
Triassic  beds  are  the  borders  of  one  great  estuary  deposit,  the  central 
part  of  which  was  slowly  upheaved  and  then  removed  by  denudation;  a. 
The  outbursts  of  trap  must  have  occurred  after  the  sedimentary  beds 
had  been  upheaved  and  eroded;  3.  The  detached  areas  of  Triassic  rock 
occurring  along  the  Atlantic  border  from  New  England  to  North  Caro- 
lina seem  fragments  of  one  great  estuary  formation,  now  broken 
up  and  separated  through  the  agency  of  upheaval  and  denudation.  (See 
Dana,  46.) 
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250.    Russell,  I.  C 

On  the  occurrence  of  a  solid  hydrocarbon  in  the  eruptive 
rocks  of  New  Jersey. 
Am.  Jour.  Sci.,  (3)  xvi,  112-114,  1878. 

Description  of  brilliant  fet  black  carbonaceous  mineral  resembling 
albertite,  in  the  cavities  of  amygdaloid  trap;  comparison  with  a  similar 
mineral  described  by  Percival  as  occurring  in  the  trap  areas  of  Con- 
necticut.     (See  Dana,  44.) 

351.    Russell,  I.  C. 

On  the  former  extent  of  the  Triassic  formation  in  the 
United  States. 

Am.  Nat.,  xiv,  703-712,  1880. 

The  detached  areas  of  Triassic  rocks,  from  South  Carolina  north- 
ward to  Connecticut  and  Massachusetts,  are  portions  of  the  one  great  es- 
tuary deposit,  which  has  been  broken  up  into  separate  areas  by  up- 
heaval and  denudation. 

115a.    Russell,  I.  C. 

Subaerial  decay  of  rocks,  and  origin  of  red  color  of  cer- 
tain formations. 

U.  S.  Geol.  Surv.,  Bull.  No.  52,  1-56,  5  pis.,  1889. 

Red  color  of  Connecticut  sandstones  due  to  coating  of  quartz  grains 
with  ferric  oxide  in  residual  clay.  Sandstones  were  "  formed  from 
debris  of  lands  that  had  been  long  exposed  to  the  action  of  a  warm, 
moist  atmosphere."    (See  Dana,  68.) 

^53.    Russell,  I.  C. 

The  Newark  system. 

U.  S.  Geol.  Surv.,  Bull.  No.  85,  340  pp.,  4  figs.,  13  pis., 
1892. 

Summarizes  existing  knowledge  regarding  Triassic  rocks  (Newark 
System)  of  Connecticut  and  other  eastern  states.  The  Connecticut 
valley  and  Southbury  areas  are  mapped  and  described.  Rocks  were  de- 
posited in  tide-swept  estuaries  during  a  period  of  mild  climate.  A  list 
of  fossils  is  given.  Igneous  rocks  associated  with  sediments  are  dikes, 
intrusive  sheets,  and  lava  flows.  The  structure  of  the  area  is  mono- 
clinal,  and  is  controlled  by  *'  faults  of  all  degrees  of  displacement  up 
to  many  hundreds  of  feet,"  as  shown  by  Davis.  '*  Each  of  the  Newark 
areas  [along  the  Atlantic  border]  was  originally  much  larger  than 
now,  and  there  is  a  strong  probability  that  all  the  areas  between  Massa- 
chusetts and  South  Carolina  were  originally  united."  Newark  system  is 
in  upper  part  Jurassic  and  lower  part  Triassic.  The  **  Index  to  the 
literature  of  the  Newark  system"  (133-339)   i*  very  complete. 

'354.     Seeley,  L. 

Garnet  Rock. 

Am.  Jour.  Sci.,  (i)   iii,  241-242,  1821. 

A  rock  in  Redding  abundantly  studded  with  garnets  of  various  sizes 
and  qualities. 
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2SS-    Shaler,  N.  S. 

Fluviatile  swamps  of  New  England. 

Am.  Jour.  Sci.,  (3)  xxxiii,  210-221,  1887.  Abstract:  Pop. 
Sci.  Mon.,  xxxiii,  142,  143,  1887! 

Disca&sion  of  differences  between  rivers  flowing  from  north  to 
south,  and  those  flowing  from  south  to  north.  The  former  have  ter- 
races  and  no  swamiM;  the  latter  have  no  terraces  and  numerous 
swamps;  caused  probably  by  a  depression  of  land  at  south,  thus  lower- 
ing the  grade  of  north-flowing  streams. 

(No  reference  to  individual  Connecticut  streams. —  Ed.) 

356.  Sheldon,  J.  M.  A. 

Concretions  from  the  Champlain  clays  of  the  Connecti- 
cut valley.  42  pp.,  123  figs,  of  nearly  natural  size,  illus- 
trating the  "  Stone-Arms  Collection."  A  bibliography  re- 
lating to  works  on  concretions  is  also  given.  Boston, 
1900. 

Concretions  are  described  from  the  Connecticut  valley,  including 
Hartford  and  Windsor,  Connecticut;  they  are  formed  in  the  clay  by 
robbing  the  clay  of  its  lime.  Analysis  shows  concretions  to  be  about 
one-half  clay  or  sand.  The  process  by  which  concretions  are  formed 
is  discussed,   also  the   factors   which   determine   their  shape. 

357.  Shepard,  C.  U. 

Notice  of  a  mine   of  spathic  iron    (steel   ore)   of  New 
Milford,  and  of  iron  works  of  Salisbury,  Connecticut. 
Am.  Jour.  Sci.,  (i)  xix,  311-326,  1831. 

History  of  the  New  Milford  mine,  which  at  first  was  worked  for 
silver;  geology  of  the  region  —  the  iron  and  quartz  exist  together 
as  a  seam  6-8  feet  wide  in  the  gneiss;  description  of  the  ore;  Salisbury 
TTon  works  —  occurrence  of  the  ore,  theory  of  its  origin,  history  of  the 
opening  of  the  ore,  annual   yield,  etc. 

358.  Shepard,  C.  U. 

A  report  on  the  geological  survey  of  Connecticut,  186 
pp.,  published  by  the  State,  New  Haven,  1837. 

This  report  consists  of  three  parts:  i.  An  economical  report,  in 
which  the  mineral  resources  of  the  state  are  described  under  the  fol- 
lowing heads:  —  metals;  coal;  plumbago;  gems;  polishing  and  grinding 
materials;  soapslone  and  potstone;  materials  for  alkaline  and  earthy- 
salts;  material  for  bricks,  pottery,  porcelain,  and  glass;  fire  stone; 
.fluxes;  quicklime  and  water  cement;  stove  paints;  decolorizing  car- 
bonaceous slate;  material  for  architecture  and  decoration:  material  for 
flagging,  tiling  and  paving:  material  for  agriculture;  mineral  springs. 
2.  Scientific  report,  in  which  the  minerals  and  ores  occurring  in  Con- 
necticut are  described  and  classified.  3.  A  catalogue  of  the  collections,, 
containing  595  specimens. 

359.  Shepard,  Charles  Upham. 

Biography. 

Am.  Jour.  Sci..  (3)  xxxi,  482.  483.  1886. 
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260.    SiUiman,  B. 

Sketch  of  the  mineralogy  of  the  town  of  New  Haven. 
Connecticut  Acad.  Arts  Sci.,  Mem.,  i,  83-96,  1810. 

Description  of  the  various  geological  features  of  New  Haven  and  its 

immediate  vicinity  —  sand   plain    (made   from  material   worn   from   th« 

.  surrounding  hills);  various  elevations  surrounding  the  town,  both  trap, 

sandstone,  and  crystallines  ('*  micaceous  schistus,  magnesian  schistus  "). 

(The  above  article  was  written  in   1806. — Ed.) 

a6x.    SiUiman,  B.,  and  Kingsley,  J.  L. 

An  account  of  the  meteor,  which  burst  over  Weston,  in 
Connecticut,  in  December,  1807,  and  of  the  falling  of 
stones  on  that  occasion,  with  a  chemical  analysis  of  the 
stones. 

Connecticut  Acad.  Arts.  Sci.,  Mem.,  i,  pp.  i,  141-161, 
1810. 

Published  earlier  in  the  Connecticut  Herald  and  in  Trans. 
Am.  Phil.  Soc.  of  Philadelphia,  1808. 

Accounts  by  Nathan  Wheeler,  Elihu  Staples,  and  others  who  wit- 
nessed the  fall.  Original  meteor  300  feet  in  diameter  fell  in  frag- 
ments at  six  localities,  the  most  remote  being  ten  miles  apart.  De- 
scription is  given  of  the  stone  at  large;  the  pyrites;  the  malleable  iron; 
the  black  irregular  masses;  the  crust;  the  globular  bodies.  The  analy- 
sis showed  silex  51.5;  chloride  of  iron  38;  magnesia  13;  oxide  of  nickel 
1.5;   sulphur   I. 

(This  is  the  first  description  of  an  American  meteorite  in  which  the 
phenomena  of  the  fall  and  the  composition  of  the  rock  are  given.  Frag- 
ments of  this  meteor  are  in  Yale  University  museum. —  Ed.) 

a6a.    SiUiman,  B. 

Mineralogical  and  geological  observations  on  New  Ha- 
ven and  its  vicinity. 

Am.  Min.  Jour.,  i,  139-149.  1814.  Abstract:  Jour.  Phys. 
Chim.,  Ixxv,  75-79,  1812;  Am.  Jour.  Sci.,  (i)  i,  55-56,  1818; 
Treatise  on  Mineralogy  and  Geology,  Cleaveland,  555, 
1822. 

The  following  geological  matters  are  discussed:  Alluvial  plain,  sand- 
stone, granite;  "  East  and  West  mountains,"  Pine  Rock,  of  greenstone; 
slate  of  West  Haven;  magnetic  sand  on  the  beach;  serpentine;  lime- 
stone. 

263.    Silliman,  B. 

Localities  of  mineral  and  animal  remains  and  acknowl- 
edgment of  specimens  received. 
Am.  Jour.  Sci.,  (i)  i,  237-243.  1819. 

Mention  of  rose  quartz  from  Southburyr  plumbago  from  Cornwall; 
coal  from  Sufficld  and  Southington;  sulphate  of  barytes,  with  coal,  etc.; 
molybdena  fr»m  Tettipaug.  Saybr.x)k;  beryl  from  Haddam. 
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264.  Silliman,  B. 

Mineralogical  and  geological  observations  on  New  Ha- 
ven and  its  vicinity. 
Am.  Jour.  Sci.,  (i)  i,  55-56,  1819. 

An  account  of  native  copper  found  in  the  drift  at  Wallingford. 

265.  Silliman,  B. 

Sketches  of  a  tour  in  the  counties  of  New  Haven  and 
Litchfield  in  Connecticut,  with  notices  of  the  geology, 
mineralogy,  and  scenery. 

Am.  Jour.  Sci.,  (i)  ii,  201-235,  1820. 

Conversational  description,  in  diary  form,  of  a  tour  through  western 
Connecticut,  touching  at  New  Haven,  Watertown,  Goshen,  Salisbury, 
Kent,  New  Preston,  New  Milford,  Woodbury;  mentions  Secondary  green- 
stone ranges,  Primitive  slate  rocks,  gneiss,  granite,  limestone,  and 
iron  ores;  describes  the  scenery  as  well  as  various  manufactories,  etc. 

266.  SiUiman,  B: 

Remarks  made  on  a  short  tour  between  Hartford  and 
Quebec  in  the  autumn  of  1819.  407  pp.,  12*,  New  Haven, 
1820;  2d  ed.,  443  pp.,  9  pis.,  New  Haven,  1824. 

Describes  tour  from  Hartford  over  Talcott  mountain  through  Canton, 
New  Hartford,  and  thence  up  the  Farmington  river  to  Massachusetts. 
The  central  area  of  Secondary  sandstone  and  trap  or  greenstone  is 
described.  **  The  ridges  of  greenstone  repose  almost  universally  upon 
sandstone."  The  topography  of  the  trap  ridges  and  the  talus  slopes  is 
explained.  "  It  is  amusing  to  observe  how  immediately  the  materials 
of  the  fences  and  the  buildings,  so  far  as  they  are  constructed  of  stdne, 
change  as  soon  as  the  geology  of  the  country  changes." 

The  western  crystallines  are  described  as  gneiss  in  "  high,  rounded, 
Primitive  hills." 

967.    Silliman,  B. 

Remarks  on  red  sandstone  of  the  Connecticut  region. 
Am.  Jour.  Sci.,  (i)  iii,  221,  222,  1821. 

Mentions  general  relation  of  "  trap-formation  **  of  New  England. 
Ridges  of  columnar  greenstone  trap  reposing  on  red  sandstone  rock, 
beneath  which  lie  slaty  bituminous  rocks;  in  ine  latter  were  found,  at 
Westfield,  fish  impressions  and  copper  minerals. 

268.    Silliman,  B. 

Notice  of  "  Geological  essays,  or  an  inquiry  into  some 
of  the  geological  phenomena,  to  be  found  in  various  parts 
of  America  and  elsewhere  —  By  Horace  H.  Harden,  Esq., 
member  of  the  American   Geological   Society.' 

Am.  Jour.  Sci.,  (i)  iii,  47-57.  1821. 

Discussion  of  Mr.  Hayden's  theory  that  the  alluvial  region  skirting 
the  Atlantic  Ocean  is  the  result  of  the  operation  of  current?:  (whose 
cause    is    the    deluge    of    Noah)    that    flowed    from    northeast    if    fouth- 
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west,  or  from  north  to   south,  over   the  whole  continent  of  America. 
Discusses  importance  of  rock  decay  and  soil  formation. 

(Well  worth  reading  as  indicating  the  unsettled  state  of  geology  fit 
this  period. —  £d.) 

269.  SiUiman,  B. 

Ice  caves  at  Meriden  and  Northford. 
Am.  Jour.  Sci.,  (i)  iv,  174-177,  1822. 

Account  of  the  ice  deposits  that  are  found  in  the  deep  ravines  and 
gorges  at  Meriden  and  Northford. 

270.  SiUiman,  B. 

Ice  caves  at  Salisbuxy. 

Am.  Jour.  Sci.,  (i)  viii,  254,  1824. 

Account  of  the  ice  deposits  that  are  found  in  the  deep  ravines  and 
gorges  of  Salisbury. 

271.  SiUiman,  B. 

Bakeweirs  Introduction  to  Geology.  Edited  by  Benj. 
Silliman;  with  appendix.  Outline  of  Silliman's  course  of 
lectures  at  Yale,     ist  Am.  ed.,  1829. 

Mentions  Connecticut  river  terraces,  gorge  at  Middletown,  influence 
of  geological  structure  on  people,  intrusive  trap,  bowlders.  East  Haven 
conglomerate,  diluvium. 

272.  Silliman,  B. 

Igneous  origin  of  some  trap  rock. 

Am.  Jour.  Sci.,  (i)  xvii,  119-131,  1830. 

Discusses  question  of  igneous  or  aqueous  origin  of  trap,  particularly^ 
at  Rocky  Hill,  3  miles  S.  S.  W.  of  Hartford;  **  this  trap  is  a  crystalline, 
and  the  sandstone  under  it  a  mechanical  rock;"  "trap  deposited  and 
aggregated,"  *'  from  a  state  of  chemical  mobility  " ;  vesicular  character 
of  trap  described;  contact  described  in  detail.  "  For  myself  I  must 
say  that  the  effects  that  have  been  produced  both  upon  the  trap  and  the 
sandstone  .  .  .  are  such  as  I  can  attribute  to  no  agent  but  fire."^ 
.  .  .  "  The  effects  on  both  rocks  are  just  such  as  ...  we  must 
expect  from  intense  heat  acting  under  great  pressure." 

(If  this  early  work  of  Silliman  had  been  kept  in  mind,  and  his 
method  of  investigation  followed,  there  probably  would  never  have  been 
two  contradictory  opinions  regarding  the  origin  of  the  trap  rock  of  Con- 
necticut.—  Ed.) 

273.  Silliman,  B. 

Notice  of  a  report  on  the  geological  survey  of  Connecti- 
cut, by  Prof.  C.  U.  Shepard. 
Am.  Jour.  Sci.,  (i)  xxxiii,  151-175,  1837. 
Largely  an  extended  abstract  of  Shepard's  report,  258. 

274.  Silliman,  Benjamin,     (i 779-1864.) 

Biography. 

Fisher:  Life  of  Benjamin  Silliman,  2  vols.,  New  York,. 
Scribncr  and  Co.,  1866. 
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Dana:  Am.  Jour.  Sci.j  (2)  xxxix,  i-io,  1865. 
Caswell:  Nat.  Acad.  Sci.,  Mem.,  i,  101-112,  1877. 
Pop.  Sci.  Mon.,  xxiii,  259-266,  1883. 

475.    Silliman,  B.,  Jr. 

Dr.  Pcrcival,  the  original  discoverer  of  the  crescent- 
formed  dikes  of  trap  in  the  New  Red  sandstone  of  Con- 
necticut. 

Am.  Jour.  Sci.,  (i)  xlvi,  205-206,  1844. 

Credit  given  to  Percival  to  correct  a  misunderstanding. 

276.    Sillinian,  B.,  Jr. 

Report  on  the  intrusive  traps  of  the  New  Red  sandstone 
of  Connecticut. 

Am.  Jour.  Sci.,  (i)  xjvii,  107,  108,  1844:  Assoc.  Am.  Geol., 
Proc.   I  A.  !«;.   iSdA:   Neues   Tahrb..  728.  720.   iRa<. 
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county;  titaniferous  magnetite,  Huronian,  *' i 
limonite.  Lower  Silurian,  Litchfield  county; 
sandstones  and  shales. 

2Bt.    Stodder,  C. 

On  the  occurrence  of  clay  on  the  t 
ton  river,  Connecticut. 
Boston  Soc.  Nat.  Hist.,  Proc,  vi,  i 

Description  of  clay  concretions  or  segrega 
ington  river,  Windsor. 

282.    United  States  Geological  Survey. 

The  following  titles  of  papers  ii 
States  Geological  Survey  are  listed 
the  authors:  — 

Davis,  83,  98;  Emerson,  112,  113; 
120,  121;  Gregory,  123,  124;  Hobbs, 
ton,  180;  Marsh,  206;  Newberry,  22: 
Pynchon,   239;    Rafter,  240;   Ries,  2. 
253;  Walcott,  288. 

MINERAL  RESOURCES  OF  TI 
(OLD   SERIES). 

1882,  nickel,  cobalt,  401  (history  of  the  tt 
minerals,  and  mineral  substances  of  industris 
present  mined  *'  are  feldspar,  flagging  stone, 
sandstone,  trap.  Localities  given,  672.  Orei 
present  mined  "  are  apatite,  arsenopyrite,  ag; 
bomite,  calamine,  cassiterite,  chalcocite,  cha 
galenite,  garnet,  graphite,  hydraulic  limesi 
malachite,  molybdenite,  niccolite,  pyrite,  pyrr! 
ite,  smaltite,  sphalerite,  talc,  topaz,  uranini' 
674. 

1883*1884,  cobalt,  544;  feldspar,  933;  m 
908;  tungsten,  574. 

1885,  building  stone,  397;  fertilizers,  4( 
mineral  waters,   537;  precious  stones,  439. 

1886,  granite,  537;  iron,  14,  17,  42;  mine 
materials,  522. 

1887,  granite,  573;  iron,  11;  lime,  532;  mi 

1888,  list,  with  localities,  of  minerals  a 
mined,  714-716;  brick,  558,  566;  granite,  j 
mineral  waters.  626,  630. 

1 889- 1 890,   brown  hematite,  40;  granite,   3 
35,  36;  limestone,  373,  385,  386   (analysis); 
stone,  374,  385. 

1 89 1,  clay,  502;  granite,  457,  458;  iron,  1 
465;  mineral  waters,  603,  604;  sandstone,  401. 

1892,  beryl,  766;  granite,  706,  707;  iron 
mineral  waters,  824,  826;  sandstone,  710;  topi 

1893,  granite,  545;  infusorial  earth,  678;  i 
555;  mica,  753;  mineral  waters,  774,  776,  j 
at  World's   Columbian   Exposition,    562. 

1894-1895,     granite,     459;     limestone,     49^ 
192. 
5 
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ANNUAL  REPORTS. 

1894-95,  Pt*  iiif  iron  ore,  192,  201;  pt.  iv,  granite,  459;  limestone, 
496;  mineral  waters,  712;  sandstone,  486. 

1895-96,  pt  iii,  granite,  764;  limestone,  792,  802;  mineral  waters, 
1032;  sandstone,  779. 

1896-97,  pt.  V,  brownstone  (analyses),  1030;  feldspar,  1365;  granite, 
957;  limestone,  1049;  mineral  waters,  1377;  sandstone,  1017-1021. 

1897-98,  pt.  yi,  clay,  354;  feldspar,  657;  granite,  208,  213,  232;  lime- 
stone, 280,  283,  287;  mineral  springs,  661,  667;  Portland  cement,  487, 
492;  quartz,  657;  sandstone,  264-267. 

1898-99,  pt.  vi,  clay,  515;  feldspar,  693;  granite  (analyses  and  tests), 
277i  362,  364;  limestone  (analyses),  346,  370;  mineral  waters,  756; 
quartz,  588;  sandstone  (analyses  and  tests),  339,  365-369;  tourmaline, 
577;  trap  (analyses  and  tests),  364,  365;  tungsten,  594. 

1899-1900,  pt  vi,  beryl,  450;  clay,  362,  363;  garnet,  467;  granite, 
336-340;  limestone,  357-360;  mineral  waters,  598,  607;  sandstone,  353, 
365;  silicified  wood,  455;  stone,  335. 

MINERAL  RESOURCES  OF  THE  UNITED  STATES 
(NEW  SERIES). 

1900,  clay,  695,  698,  728;  feldspar,  895;  flint,  895;  granite,  662,  664, 
667;  infusorial  earth,  794;  iron  ores,  43,  57;  limestone,  662,  685;  lithio- 
pbilite,  242;  mineral  waters,  901;  pig  iron.  96;  pottery,  715;  sandstone, 
662,  670,  673;  scheelite,  258;  spodumene,  241;  tourmaline,  761;  trap, 
666. 

1901,  barytcs,  915;  clay,  674-677,  7x1;  feldspar,  938;  flint,  936; 
granite,  650;  ilmenite,  272;  infusorial  earth,  798;  iron,  60,  76,  100,  X03; 
limestone,  667;  mica,  875;  mineral  waters,  962;  monazite,  950;  pig  iron, 
86;  pottery,  700;  quartz,  800;  rutile,  272;  sandstone,  656;  stone,  643; 
trap,  654;  tripoli,  798;  tungsten,  263. 

1902,  barytcs,  945;  brick,  719;  clay,  707,  747,  757;  corundum,  831, 
886;  essonite,  837;  feldspar,  973;  flint,  972;  granite,  678;  iron,  43,  59, 
67,  68;  limestone,  698;  marble,  693;  mica,  985;  mineral  waters,  996; 
pig  iron,  86,  87;  pottery,  734,  738;  quartz,  883;  sandstone,  684;  stone, 
669;  tourmaline,  841;  tile,  719;  trap,  669;  tungsten,  286. 

1903,  ammonia,  629;  asbestos,  11 12,  11 14;  brick,  796,  809;  clay,  796, 
860;  coal  tar,  624;  feldspar,  11 19;  flint,  1117;  granite,  758,  766,  768; 
garnet,  1005;  gas,  611,  619,  622;  iron,  43,  59,  67,  68;  limestone,  758, 
786;  marble,  758,  781;  mineral  waters,  1139;  pig  iron,  93-95;  pottery, 
796,  809;  quartz,  1004;  sandstone,  758,  770;  spodumene,  313;  steel, 
103,  X04,  106;  tourmaline,  926;  tile,  796,  809;  trap,  769;  tungsten, 
307. 

1904,  ammonia,  669;  asbestos,  1137;  bismuth,  375;  brick,  863,  871; 
clay,  850,  859;  coal  tar,  664;  columbite,  1225;  feldspar,  1144;  flint, 
1143;  gas,  654.  662;  granite,  805;  iron,  40,  53,  62;  limestone,  805; 
marble,  805:  mica,  1175,  xi8i;  mineral  waters,  1187,  1190;  molybdenum, 
339;  pis  iron,  79;  pottery,  882,  892;  quartz,  998,  1009;  sand,  11 49; 
sandstone,  80,  805;  steel,  88,  91,  loi;  tourmaline,  942,  954;  tile,  863, 
871;  trap,  805;  tungsten,  333. 

WATER   SUPPLY  AND  IRRIGATION  PAPERS. 

The  following  papers,  published  by  the  U.  S.  Geological  Survey 
as  Water-Supply  and  Irrigation  Papers,  contain  statistical  matter  more 
or  less  closely  related  to  geology :  — 

No.  35,  1900.     Daily    readings    of    height    of    Connecticut    river    at 
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Hartford,   given   for   period   February  8,    1896,  to   December  31,   18 
inclusive,  42-44. 

No.  44,  1901.  Profiles  of  rivers  in  the  United  States,  xa-x4.  I 
cusses  and  illustrates  profiles  of  Connecticut  and  Housatonic  riv 
from  source  to  mouth. 

No.  47,  X901.  Daily  readings  in  height  of  the  Connecticut  river 
Hartford  given  for  the  year  1900,  and  for  Housatonic  at  Gaylordsv 
from  October  23  to  December  31,  1900,  35. 

No.  65,  1902.  Daily  readings  of  height  of  the  Housatonic  at  G 
lordsville  from  October  23,  1900,  to  December  31,  1901;  also  list 
undeveloped  water  powers  along  that  stream,  87-90. 

No.  75,  1903.  Table  and  diagram  of  monthly  discharge  of  Hon 
tonic  at  Gaylordsville,  24. 

No.  76,  1903.  Housatonic  river;  quality  of  water,  84,  85;  ds 
gage  height,  1900-02  inclusive,  93-95;  current  meter  discharge  measv 
ments,  104. 

No.  82,   1903.     Daily  readings  of  Connecticut  river  at  Hartford 
the  year  1902,  48,  49. 

No.  97,  1 904-     A  study  of  the  Connecticut  River  drainage  basin, 
eluding  daily  gage  height  at  Hartford  for  1903,  80-83;  the  Mianus  ri' 
near  Stamford   for   1903,  94-114;   Byram   river  at   Pemberwick,   Gre 
wich,  and  Riverville  for  1903,   1 18-124. 

No.    124,    1905.     Daily  gage  reading  of   Connecticut   river  at   Hi 
ford,  for  1904,   121- 122;  daily  gage  reading  of  the  Housatonic  at  G 
.    lordsville,     147-152;    of    Shetucket    near    Willimantic    for     1904,     x 
X13. 

No.  144,  1905.  Distribution  of  chlorine  in  ground  water,  and  tab 
showing  determinations  for  the  state,  22-28,  map. 

No.  i49>  1905.     List  of  deep  well  borings  in  Connecticut,  23-24. 

283.    Upham,  W. 

The  succession  of  Glacial  deposits  in  New  England. 
Am.  Assoc.  Adv.  Sci.,  Proc,  xxviii,  299-310,  1880. 

Description  of  the  occurrence  and  extent  of  the  various  drift  i 
posits, —  till,  stratified  deposits,  moraines,  etc.,  of  New  England.  I 
cussion  of  origin.  No  description  of  any  particular  glacial  phenomc 
of  Connecticut. 

JS4.    U[pham],W. 

[Abstract  of]  "  Some  typical  eskers  of  southern  Nc 
England,"  by  J.  B.  Woodworth. 

Am.  GeoL,  xiv,  396,  1894. 

Woodworth*8  article  states  that  eskers  were  deposited  in  chann 
of  drainage  upon,  in,  or  beneath  the  waning  ice-sheet.  (See  Wo< 
worth,  301.) 

285.  Valcherville,  M.  de. 

Highland  Park,  Manchester. 
Connecticut  Quart.,  i,  299,  1895. 
Describes   the  old   Wyllys  copper  mine. 

286.  Walcott,  C.  D. 

The  Taconic  system  of  Emmons,  and  the  use  of  tl 
name  Taconic  in  geologic  nomenclature. 
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Am.  Jour.  Sci.,  (3)  xxxv,  229-242,  307-327,  394-401,  map 
and  section,  1888.  Abstract:  Nature,  xxxvii,  500,  1888. 
Review  by  J.  Marcou:  Am.  GeoL,  ii,  10-23,  67-88,  1888. 

This  exhaustive  discussion  of  the  Taconic  question  is  subdivided  as 
follows:  I.  The  Taconic  area  and  geologic  work  within  it;  2.  Geology 
of  the  Taconic  area  as  known  at  the  present  time;  3.  Geology  of  the 
Taconic  area  as  known  to  Dr.  Emmons;  4.  Comparison  and  discussion; 
5.  Nomenclature.     (See  Emmons,  115.) 

287.  Walcott,  C.  D. 

Synopsis  of  conclusions  on  the  "  Taconic  of  Emmons." 
Internat.  Cong.  Geo!.,   Rept.  Am.   Comm.,  25-29,   1888; 
Am.  Geo!.,  ii,  215-219,  1888. 

Name  Taconic  "  based  on  error  and  misconception  originally,  and 
used  in  an  erroneous  manner  since  " ;  and  should  not  be  used  as  in- 
dicating stratigraphic  position. 

(See  also,  Walcott,  286.) 

288.  Walcott,  C.  D. 

Correlation  papers,  Cambrian. 

U.  S.  Geol.  Surv.,  Bull.  No.  81,  1-447,  3  pls.,  1891. 

Historical  review  of  the  geologic  and  paleontologic  work,  and  sum- 
mary  of  the  present  knowledge  of  the  (Cambrian  areas  of  North  America. 
Mention  of  the  quartzite  of  (Tanaan. 

289.  Warren,  J.  C. 

Geological  position  of  the  Mastodon. 
Boston  Soc.  Nat.  Hist.,  Proc,  iii,  in,  1849. 
Brief  mention  of  the   remains  of  mastodons   found   in   Connecticut, 
"about  midway  between  the  Connecticut   River  and  the  Hudson." 

290.  Webster,  J.  W. 

Localities  of  minerals,  observed  principally  in  Haddam 
in  Connecticut,  in  September,  1819. 

Am.  Jour.  Sci.,  (i)  ii,  239,  240,  1820. 

Mention  of  tourmaline  and  cpidote  in  mica  slate  and  gneiss;  chryso* 
beryl  in  a  granite  vein  traversing  the  gneiss,  containing  also  garnet  and 
tourmaline;  actinolite  in  mica  slate;  all  of  the  above  near  Haddam. 
Globular  concretion  of  gneiss  near  Jewett  City;  tourmaline  at  Bozrah; 
transparent  garnets  at  Tolland,  also  graphite. 

29X.    Wells,  D.  A. 

On  the  Connecticut  valley  sandstone  formations. 

Boston  Soc.  Nat.  Hist.,  Proc,  iii,  339-340,  1850. 

The  upper  members  of  the  Connecticut  River  sandstones  are  of  an 
entirely  different  age  from  the  lower.  This  is  evidenced  by  the  limit- 
ation of  the  fossils  to  the  upper  beds,  and  by  the  different  lithological 
characters. 

292.    Wells,  D.  A. 

On  the  origin  of  stratification. 

Boston   Soc.   Nat.   Hist.,   Proc,  iv,   108-110,   1851;  Am. 
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Assoc.  Adv.  Sci.,  Proc,  vi,  297-299,  1852. 

The  shales  and  sandstones  of  the  Connecticut  Triassic  are  cited  to 
prove  that  all  strata  are  not  produced  either  by  an  interruption  of 
deposition  or  by  a  change  in  the  quality  of  the  material  deposited. 

293.  Wells,  D.  A. 

Evidences  of  glacial  action  in  southeastern  Connecti- 
cut. 

Pop.  Sci.  Mon.,  xxxvii,  196-201,  1890. 

Description  of  several  large  glacial  bowlders  in  the  region  between 
Groton  and  Noank,  at  Fisher's  island,  and  near  Norwich. 

294.  WeUs,  D.  A. 

Remarkable  bowlders. 
Pop.  Sci.  Mon.,  xl,  340-346,  1892. 

Description  of  several  large  bowlders  occurring  at  Montville,  about 
midway  between  Guilford  and  Leete  Island,  and  in  Massachusetts. 

295.  Westgate,  L.  G. 

A  granite-gneiss  in  central  Connecticut. 
Jour.  Geol.,  vii,  638-654,  4  figs.,  map,  1899. 
The  gneiss  at  Maromas  is  shown  to  be  igneous;  its  field  relations  and 
petrography  are  described  in  detail. 

296.  Whelpley,  J.  D. 

Trap  and  sandstone  of  the  Connecticut  valley. 
Assoc.  Am.  Geol.,  Proc,  vi,  61-64,  1845. 

Originally  the  sandstone  area  covered  the  Housatonic  and  Con> 
necticut  valleys  and  the  space  between.  Woodbury  and  larger  portions 
in  Connecticut  valley  preserved  because  they  had  hard  trap  dikes  in 
them.  These  dikes  "  acted  as  so  many  dams  and  headwaters  against  the 
denuding  flood,"  thus  protecting  the  sandstone.  The  crescentic  form 
of  dikes  is  due  to  irregularities  of  vent. 

297.  Whitney,  J.  D.,  and  Silliman,  B.,  Jr. 

Notice  of  the  geological  position  and  character  of  the 
copper  mine  at  Bristol,  Connecticut. 

Am.  Jour.  Sci.,  (2)  xx,  361-368,  1855. 

The  mine  is  situated  at  the  contact  of  the  sandstone  and  the  meta- 
morphic  rocks.  The  copper  ore  (*'  vitreous  and  variegated  "  types  with 
some  copper  pyrites)  is  obtained  from  the  micaceous  and  hornblende 
slates,  talcose  micaceous  slate,  and  sandstone.  A  history  of  the  mine  is 
given;  opened  in  1836;  not  worked  extensively  until  1846.  The  sand* 
stone  is  of  Liassic  age,  and  the  metamorphic  rocks  belong  to  the 
Paleozoic  system. 

298.  Whittle,  C.  L.,  and  Davis,  W.  M. 

The  intrusive  and  extrusive  Triassic  trap  sheets  of  the 
Connecticut  valley. 
Mus.  Comp  Z06I.,  Bull.,  xvi,  99-138,  i  pi.,  1889. 
(See  Davis  and  Whittle,   100.) 
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299.  Williams,  S. 

Observations  and  conjectures  on  th«  earthquakes  of 
New  England. 

Am.  Acad.  Arts  Sci.,  Mem.,  i,  260-311,  1785. 

The  paper  is  divided  into  two  parts:  i.  An  historical  account  of 
earthquakes  of  1638,  1658,  1663,  1725,  X755»  and  of  several  minor 
shocks;    a.   Causes  of  earthquakes. 

300.  WincheU,  N.  H. 

Comparative  strength  of  Minnesota  and  New  England 
granites. 
Am.  Assoc.  Adv.  Sci.,  Proc,  xxxii,  249,  250,  1884. 

Abstract  of  article  showing  by  a  series  of  comparative  tests  that 
the  Minnesota  granites  are  stronger  than  those  of  New  England.  The 
Connecticut  granites  tested  came  from  Mjrstic  river,  Stony  Creek, 
Millstone  point,  Greenwich,  New  London. 

30X.    Woodworth,  J.  B. 

Some  typical  eskers  of  southern  New  England. 
Boston  Soc.  Nat.  Hist.,  Proc,  xxvi,  197-220,  1894. 

The  typical  eskers  of  southern  New  England  are  most  easily  explained 
by  assuming  a  subglacial  origin,  but  certain  ones  demand  a  channel 
open  to  the  sky;  esker  at  Compounce  Pond  described;  others  in  Con* 
necticut  mentioned. 

30a.    Author  unknown. 

[Review  of]  "  Outline  of  the  geology  of  England  and 
Wales,  with  an  introductory  compendium  of  the  general 
principles  of  the  science  and  comparative  views  of  the 
structures  of  foreign  countries.  By  Rev.  W.  B.  Cony- 
beare  and  William  Phillips.  Pt.  I,  470  pp.,  London,  1822." 
Am.  Jour.  Sci.,  (i)  vii,  203-240,  1824. 

Comparison  of  the  red  sandstone  of  Connecticut  with  the  marl  and 
Old  Red  sandstone  of  England. 

303.    Author  unknown. 

What  constitutes  the  Taconic  range  of  mountains? 
Am.  Geol.,  vi,  247,  i  pi.,  1890. 

QuoUtions  from  Dr.  Asa  Fitch,  Prof.  J.  D.  Dana,  and  Mr.  C.  D. 
Walcott,  in  order  to  verify  the  claims  of  Dr.  Emmons  as  to  what  con* 
stitutes  the  Taconic  range  of  mountains. 
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500.  Blake,  W.  P.,  and  Hitchcock,  C.  H. 

Geological  map  of  the  United  States. 

Atlas  of  the  U.  S.  and  the  world  by  Gray,  folio,  Phila- 
delphia, 1871;  Statistics  of  mines  and  mining  in  the  states 
and  territories  west  of  the  Rocky  mountains,  5th  report 
by  R.  W.  Raymond,  Washington,  1873;  Statistical  atlas 
of  the  United  States  based  on  results  of  the  9th  Census, 
1870,  pis.  xiii,  xiv,  Washington,  1875;  Special  report  for 
the  Centennial,  1876;  Smithson.  Contr.  Knowl.,  1876;  Die 
Vereinigten  Staaten  von  Nord-Amerika  (F.  Ratzel),  i, 
Miinchen,  1878. 

Connecticut  ia  marked  "  Eozoic  "  except  the  Connecticut  valley  and 
Pomperaug  areas  of  "  Jurassic  and  Triassic "  rocks.  Note  states: 
"There  may  be  some  metamorphic  Palaeozoic  formations  included  in 
the  Atlantic  portions  of  the  Azoic." 

501.  Bradley,  F.  H. 

Geological  chart  of  the  United  States  east  of  the  Rocky 
mountains  and  of  Canada.  Folder,  16  by  24  inches.  New 
York,  1875. 

The  formations  shown  in  Connecticut  are:  Archaean,  all  that  part  of 
the  state  east  of  the  Triassic;  Lower  Silurian,  nearly  all  of  western 
Connecticut;  Upper  Silurian,  in  eastern  Litchfield  and  western  Hart* 
ford  county;  Triassic,  central  Connecticut  and  Southbury.  Scale  ap- 
proximately I   inch =90  miles. 

50a.    Chapin,  J.  H. 

Map  showing  the  triangulation  of  Connecticut,  by  the 
United  States  Surveys. 

Meriden  Sci.  Assoc,  Trans.,  iv,  51,  1890. 
Scale,  M  inch=io  miles. 

503.  Crosby,  W.  O. 

Map  of  the  proposed  sites  of  the  dams  in  the  valley  of 
the  Housatonic  and  of  the  Tenmile  river. 
Tech.  Quart.,  xiii,  No.  2,  123,  1900. 

A  topographic  map,  showing  the  relations  of  the  Tenmile  and  Housa> 
tonic  valleys,  extending  from  Dover  Plains  to  Pawling,  including  part 
of  the  Housatonic  river  in  Connecticut.    Scale  i  inch=a  miles. 

504.  Dana,  J.  D. 

Topographic  map  of  the  New  Haven  region. 
Connecticut  Acad.  Arts  Sci.,  Trans.,  ii,  45,  1873. 
Extends    north    from    the    Sound    to    include    Mount    Carmel.      In- 
cludes Woodbridge  hills  on  the  west,  and  lake  Saltonstall  on  the  east 
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The  Yarious  elevations  are  indicated  by  hachures.    Rivers,  railroads,  and 
a  few  roads  are  indicated.    Scale  ^  inch=i  mile. 

505.  Dana,  J.  D. 

Map  of  the  New  Haven  region. 

Am.  Jour.  Sci.,  (3)  x,  171,  415,  1875. 

Embraces  a  tract  about  four  miles  on  each  side  of  the  harbor,  ex- 
tending north,  including  Mount  Carmel.  Shows  geography  and  tome 
topography.     Scale  ^  inch^i   mile. 

506.  Dana,  J.  D. 

Map  of  the  Connecticut  valley  and  part  of  the  coast  of 
southern  New  England. 
Am.  Jour,  Sci.,  (3)  x,  499,  1875;  xxv,  pi.  v,  1883. 

Gives  main  geological  features  and  some  topography  of  an  area  along 
the  Connecticut  river  from  Northampton  south;  5  to  12  miles  on  the 
east  side,  so  to  35  miles  on  the  west  side.  Scale  approximately  x  inchz: 
IS  miles. 

507.  Dana,  J.  D. 

Map  of  Dutchess  and  the  adjoining  counties  of  eastern 
New  York,  with  a  portion  of  western  Connecticut  and 
southwestern  Massachusetts. 

Am.  Jour.  Sci.,  (3)  xvii,  379.  1879. 

Locates  the  limestone  belts  of  western  Connecticut,  about  12  miles 
wide,  down  to  about  3  miles  south  of  New  Fairfield.  Scale  ^  inch:= 
I  mile. 

508.  Dana,  J.  D. 

Map  of  limestone  areas  of  Westchester  county.  New 
York. 

Am.  Jour.  Sci.,  (3)  xx,  pi.  v,  1880. 

Takes  in  that  part  of  Connecticut  west  of  the  line  running  south 
from  Danbury,  and  south  of  a  line  running  west  from  that  town. 
Locates  the  limestone  areas  in  color.     Scale  1  inch =3  miles. 

509.  Dana,  J.  D. 

Map  of  limestone  areas  of  Dutchess,  Westchester,  and 
Putnam  counties.  New  York,  and  part  of  western  Con- 
necticut, with  the  Archaean  of  Putnam  county  and  the 
Palisade  trap  range. 

Am.  Jour.  Sci.,  (3)  xx,  pi.  viii,  1880. 

Includes  that  part  of  Connecticut  west  of  a  line  running  north  and 
south  at  a  distance  of  about  10  miles  east  of  Salisbury.  Locates  the 
limestone  areas.     Scale  x  inch^io  miles. 

510.  Dana,  J.  D. 

Section  of  the  Connecticut  river  during  the  flood  from 
the  melting  glacier. 
Am.  Jour.  Sci.,  (3)  xxiii,  pi.  ii,  1882. 
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State.     Transverse  section  of  river  bed  also  given.     Scale  z   inch =20 
mitet. 

511.    Dana,  J.  D. 

Geological  sketch  map  of  the  Taconic  range. 

Geol.  Soc.  London,  Quart.  Jour.,  xxxviii,  pi.  xvii,  1882. 

Map  of  Taconic  area  from  Burlington,  Vermont,  to  New  Yoric  City. 
Connecticut  formations  are  mapped  as  Archaean,  crystalline  limestone 
and  Taconic  schists*.     Scale  approximately  i  inch=5  miles. 

51a.    Dana,  J.  D. 

Map  of  the  New  Haven  region. 

Am.  Jour.  Sci.,  (3)  xxvi,  342,  1883. 

Includes  area  south  of  Mount  Carmel,  and  between  Saltonstall  on 
the  east  and  Woodbridge  heights  on  the  west.  Principal  topographic 
features  marked;  also  streets  and  roads.  Outline  of  the  flood-made 
terrace  is  indicated.     Scale  ^   inch=i   mile. 

513.  Dana,  J.  D. 

Map  of.  the  New  Haven  'plain,  showing  its  original 
features. 

Am.  Jour.  Sci.,  (3)  xxvii,  pi.  ii,  1884. 

Includes  the  plain  on  which  the  city  is  built  and  the  adjoining  hills. 
Extends  as  far  north  as  Centerville,  and  south  to  just  below  mouth  of 
West  river.  Gives  outline  of  terrace  area,  river  channels,  and  kettlo* 
holes.     Elevations  indicated  by  figures.     Scale  2  incheszzi  mile. 

514.  Dana,  J«  D. 

Map  of  the  southern  end  of  a  great  synclinal  in  the 
Taconic  range. 

Am.  Jour.  Sci.,  (3)  xxviii,  pi.  iii,  1884. 

Locates  limestone,  mica  schist,  and  some  ore  pits  of  the  area  im- 
mediately around,  and  to  the  west  and  north  of  Salisbury.  Scale  8 
inchest  X  mile. 

515.  Dana,  J.  D. 

Geological  sketch  map  of  the  Taconic  region,  southern 
part. 

Am.  Jour.  Sci.,  (3)  xxix,  pi.  ii,  1885. 

Locates  schist,  gneiss,  quartzite,  and  limestone  of  northwestern  Con- 
necticut.    Scale  H  inch = I  mile. 

516.  Dana,  J.  D. 

Maps  of  the  New  Haven  region. 

Am.  Jour.  Sci.,  (3)  xlii,  79-110,  1891. 

PI.  I.  Map  of  New  Haven.  Shows  topography  of  the  region  by 
hachures.  Scale  i  inch =2^  miles.  PI.  II.  Map  of  the  New  Haven 
region  before  1640.  Location,  in  color,  of  East  Rock,  Mill  Rock, 
Pine  Rock,  and  the  southern  part  of  West  Rock.  Location  of  kettle- 
holes  and  terraces  and  old  creek  beds.  Elevations  given.  The  part  of 
the  city  mapped  is  the  original  half-mile  square  bounded  by  George, 
State,  York,  and  Wall  streets.  The  northern  part  of  the  harbor  is 
included.  Scale  x  inch =2  miles.  PI.  III.  Map  of  East  Rock.  A 
detailed  geological  map  of  East  Rock,  including  Snake  Rock  and  Whit- 
ney  peak.      Scale    i    inch =800    feet.      PI.    VI.     West    Rock.      Scale    i 
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inch=z40o  feet;  contour  interval  20  feet.  Fig.  x.  Map  of  Pine  Rock. 
Scale  X  inch =1,000  feet.  Fig.  5.  Map  of  l^iU  Rock.  Scale  x  inch= 
1,000  feet.  Fig.  16.  Wintcrgreen  notch.  Page  44.  Trap  areas  of 
central  Connecticut.  Scale  i  inch =8  miles.  Page  8a.  Map  of  Round 
hill  and  vicinity.  Scale  i  inch  =^  mile.  Page  11  a.  Stony  Creek  and 
the  Thimbles.     Scale  i  inch=H  mile. 

See  also.  The  Four  Rocks  of  the  New  Haven  Region.  New  Haven, 
1891. 

517.    Dana,  J.  D. 

Map  of  the  Triassic  of  Connecticut,  from  Hartford 
down  to  the  Sound.  Reproduction  of  part  of  Percival's 
map. 

Am.  Jour.  Sci.,  (3)  xlii,  pi.  xvi,  1891. 

Scale  approximately  1   inch =6  miles. 

5x8.    Davis,  W.  M. 

Sketch  maps  of  Hanging  Hills  and  trap  sheet  at  Beck- 
ley  station. 

Mus.  Comp.  Z06I.,  Bull.,  vii,  pi.  x,  1884. 

519.  Davis,  W.  M. 

Modification  of  a  portion  of  Percival's  geological  map 
of  Connecticut   (1842). 

U.  S.  Geol.  Surv.,  7th  Ann.  Rept.,  1887. 

Locates,  in  color,  the  Triassic  area  of  central  Connecticut;  principal 
trap  ridges  are  indicated.     Scale  x:5030oo. 

520.  Davis,  W.  M. 

Sketch  maps  of  trap  ridges. 
U.  S.  Geol.  Surv.,  7th  Ann.  Rept.,  1877. 
Trap   ridges  near   South   Britain,   fig.   97;    trap   near   Woodbury,   fig. 
99;  Pond,  Totoket,  and  Paug  mountains,  fig.   102. 

521.  Davis,  W.  M. 

Sketch  map  of  Massachusetts,  Connecticut,  and  Rhode 
Island,  giving  location  of  Triassic  area,  and  of  ridges  near 
Meriden. 

Am.  Jour.  Sci.,  (3)  xxxvii,  424,  1889. 

522.  Davis,  W.  M. 

Outline  map   of  southern   New    England. 
Mus.  Comp.  Z06I.,  Bun.,  xvi,  pi.  i,  fig.  i,  1889. 
Shows   the   Triassic  area   of   the   lower   Connecticut   valley    (dotted) 
and  Meriden  area  (black  square).    Scale  i  inch  =  100  miles. 

523.  Davis,  W.  M. 

Sketch  maps  of  faulted  areas  in  Triassic. 

Mus.  Comp.  ZooL,  Bull.,  xvi,  1889. 

Lamentation  mountain,  fig.  2;  Shuttle  Meadow  reservoir,  fig.  3; 
faulted  Triassic  monocline,  Meriden,  fig.  9;  Lamentation  mountain, 
Chauncy  peak,  and  Higby  mountain,  fig.  loa;  Hanging  Hills,  fig.  xx; 
area  from  Cook's  gap  to  Short  mountain,  fig.  13;  trap  ridges  and 
faults  in  the  Meriden-New  Britain  district,  fig.  16. 
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524.  Davia,  W.  M. 

Diagrammatic  map  of  the  Cretaceous  peneplain  in 
New  England. 

Geol.  Soc.  America,  Bull.,  ii,  551,  1891. 

Shows  general  location  of  Triaasic  lowlands  and  crystalline  areas  of 
the  whole  of  Connecticut;  also  of  middle  and  western  Massachusetts, 
and  western  New  York.     Scale  about  x  inch =90  miles. 

525.  Davis,  W.  M. 

Sketch  map  of  the  Triassic  area  of  Connecticut. 
Am.  Jour.  Sci.,  (4)  i,  2,  1896. 
Locates  main  trap  ridges  and  fault  lines. 

526.  Davis,  W.  M. 

Sketch  maps  and  diagrams  illustrating  structure  in  the 
Triassic  area. 

U.  S.  Geol.  Surv.,  i8th  Ann.  Rept.,  pt.  ii,  1-192,  1898. 

Uplands  and  lowlands,  fig.  x;  trap  ridges,  fig.  s:  abnormal  fault 
causing  Vineyard  gap,  fig.  24;  marginal  faults  and  Lamentation  fault 
block,  fig.  2$;  South  Glastonbury  and  South  Manchester  corners,  fig.  .^s; 
trap  ridges  near  southwest  end  of  Lamentation  block,  fig.  33;  conse 
quent  Jurassic  drainage,  fig.  36;  antecedent  Triassic  drainage,  fig. 
37;  drainage  on  the  Cretaceous  peneplain,  fig.  40;  pre-Glacial  drainage 
fig>  so;  existing  drainage  of  the  Connecticut  Triassic  area,  fig.  51; 
Qutnnipiac  and  Mill  river  headwaters,  fig.  52. 

527.  Davis,  W.  M. 

Geological  map  of  the  Triassic  area  of  Connecticut. 

U.  S.  Geol.  Surv.,  i8th  Ann.  Rept.,  pt.  ii,  pi.  xix,  1898. 

Locates,  in  color,  the  following  formations:  Upper  sandstones,  pos- 
terior trap  sheet,  posterior  sandstones  and  shales,  main  trap  sheet,  an- 
terior sandstones  and  shales,  anterior  trap  sheet,  tufaceous  deposits, 
under  sandstones,  intrusive  trap  sheets,  dikes,  crirstalline  areas.  Locates 
also  lines  of  faulting.    Scale  x  inch =2  miles;  contour  interval  100  ft. 

528.  Davis,  W.  M.,  and  Griswold,  L«  S. 

The  Connecticut  valley  Triassic  area,  and  a  portion  of 
crystallines  on  either  side. 

Geol.  Soc.  America,  Bull.,  v,  520,  1894. 

Principal  trap  ridges  indicated.  Faults  along  eastern  boundary  and 
within  Triassic  shown.     Scale   i   inch=ao  miles. 

529.  Davis,  W.  M.,  and  Leper,  S.  W. 

Sketch  map  of  about  ten  square  miles  near  Meriden. 
Geol.  Soc.  America,  Bull.,  ii,  423,  1891. 

Show  parts  of  Highby,  Chauncy,  Lamentation,  and  Quarry  blocks. 
Localities  of  fossiliferous  anterior  and  posterior  shales  indicated. 

530.  Davis,  W.  M.,  and  Whittle,  C.  L. 

Map  of  Triassic  area  in  Connecticut  from  Long  Island 
Sound  to  the  north  bend  of  the  Farmington  river. 

Mus.  Comp.  Z06I.,  Bull.,  xvi,  137,  pi.  i,  1889. 

Based  on  Percival's  map  of  Connecticut.  Gives  location  of  trap 
ridges  and  main  geographic  features.     Scale  1.35  inches=io  miles. 
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531.    Davis,  W.  M.,  and  Whittle,  C.  L. 

Sketch  maps  of  Triassic  trap  ridges. 

Mus.  Comp  Zool.,  Bull.,  xvi,  137,  pi.  iii,  1889. 

Adjacent  ends  of  Saltonstall  and  Totoket  mountains,  fig.  a;  north 
end  of  Totoket  mountain,  fig.  3;  Iligby  mountain,  fig.  4;  Chauncy 
peak,  south  end  of  Lamentation  mountain,  and  Quarry  ridge,  Meriden, 
fiff*  5;  Notch  mountain  and  eastern  ridges  of  the  Hanging  Hills,  fig. 
6;  Farmington  mountain  and  its. anterior  ridge,  fig.  7;  Farmington 
river  gap  at  Tariff ville,  fig.  8;  Rock  falls  of  Aramamit  riv^r,  fig.  9; 
north  end  of  Lamentation  mountain,  fig.  10;  posterior  ridges  of  Salton* 
stall  mountain,  fig.  11. 

53a.    Dewey,  C. 

A  geological  map  of  the  county  of  Berkshire,  Massa- 
chusetts, and  of  a  small  part  of  the  adjoining  states. 

Am.  Jour.  Sci.,  (i)  viii,  i,  1824. 

The  northwest  corner  of  Connecticut  is  mapped.  The  following 
formations  are  represented  in  color:  mica  slate,  primitive  limestone^ 
quartz  rock. 

533.    Dorsey,  C.  W.,  and  Bonsteel,  J.  A. 

Soil  map  of  the  Connecticut  valley. 

U.  S.  Dept.  Agric,  Bur.  Soils,  Rept.  Field  Oper.  for 
1899,  1900. 

Connecticut  area  mapped  extends  from  Glastonbury  to  the  Massa- 
chusetts line,  with  a  width  of  5  to  10  miles.  Different  types  of  soil 
are  shown  in  color.  Scale  i  inch  =  i  mile;  base  used  is  topographic  map 
of  1893. 

534«    Egglcston,  J.  W. 

Map  of  Woodstock  pond,  Connecticut. 
Am.  Jour.  Sci.,  (4)  xiii,  404,'  1902. 

Locates  kames,  kettle-holes,  eskers,  and  terraces.  Scale  i  inchrr 
1,500  feet. 

535.  Emerson,  B.  K. 

Holyoke  folio. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  50, 
1898. 

Topographic,  historical,  superficial  and  economic  geology  sheets  of  a 
strip  about  2^  miles  wide  along  the  northern  edge  of  Connecticut, 
between  the  meridians  72**  30'  and  73^.  Locates,  in  color,  the  following 
formations:  Washington  and  Becket  gneisses,  Hoosac  schist,  Chester 
amphibolite,  Sugarloaf  arkose,  Longmeadow  sandstone,  Holyoke  diabase, 
Chicopee  shale,  and  Glacial  deposits.     Scale  i  inch =2  miles. 

536.  Emerson,  Q.  K. 

Map  of  an  area  in  West  Norfolk. 
U.  S.  Geol.  Surv.,  Bull.  No.  159,  pi.  v,  1899. 
Detailed  geological  map,   with   section,   of  the   Norfolk  railroad  cut, 
also  map  showing  geology  of  region  adjoining.     Scale  i  inch=i  mile. 
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537.  Emeraon,  B.  K. 

Map  of  eastern  half  of  Housatonic  quadrangle. 
U.  S.  Geol.  Surv.,  Bull.  No.  159,  pi.  ix,  1899, 
Geological  map  of  that  part  of  Connecticut   found  on  the   Sandls- 
field  topographic  sheet;  includes  northern  halves  of  Colebrook  and  Noi- 
folk,  with  parts  of  Hartland  and  North  Canaan.     Scale  approximately 
^  inch = I  mile. 

538.  Fippin,  £.  O. 

Soil  map  of  the  Connecticut  valley. 

U.  S.  Dept.  Agric,  Bur.  Soils,  Rept.   Field  Opcr.  for 

1903,  1904. 

Map  of  soil  types  in  Massachusetts  and  Connecticut  The  Connecti- 
cut area  mapped  is  on  the  Springfield,  Granville,  Hartford,  Granby, 
Middletown,  and  Meriden  topographic  sheets.  Base  map  is  the  topo- 
graphic atlas  of  Connecticut.     Scale  i  inch=x  mile. 

539.  Gregory,  H.  E. 

Map  showing  water-supplies  in  areas  of  limestone,  sand- 
stone, and  crystalline  rock,  of  Connecticut. 
U.  S.  Geol.  Surv.,  Water-Supp.  and  Irr.  Paper  No.  114, 

fig.  17,  1905. 

Scale  I  inch =25  miles. 

539a.    Gregory,  H.  E.,  and  Robinson,  H.  H. 

Preliminary  geological  map  of  Connecticut. 

Connecticut  State  Geol.  and  Nat.  Hist.  Surv.,  Bull.  No.  7. 

The  base  map,  which  was  prepared  especially  for  the  present  purpose, 
shows  contours  (100  feet),  towns,  streams,  roads,  etc.  The  geological 
formations,  42  in  number,  are  shown  in  color.  Quarries  and  clay  pits 
are  also  located.  The  map  is  chiefly  designed  to  differentiate  rock 
tjrpes,  and  only  seven  formations  are  assigned  to  definite  ages.  Scale 
X  inch =4  miles. 

(This  is  the  first  geological  map  of  Connecticut  issued  since  1842. 
See  Percival,  578.  It  is  based  on  data  supplied  by  several  workers, 
and  represents  the  present  state  of  knowledge  regarding  the  bed-rock 
geology  of  southern  New  England. —  £J.) 

539b.    Gregory,  H.  E.,  and  Rice,  W.  N. 

Maps  and  diagrams  illustrating  Connecticut  geologry. 
Connecticut  State  Geol.  and  Nat.  Hist.  Surv.,  Bull.  No.  6. 
(See  Rice  and  Gregory,  582a.) 

540.  Griswold,  L.  S.,  and  Davis,  W.  M. 

The  Connecticut  valley  Triassic  area. 
(See   Davis  and   Griswold,   528.) 

54Z.    Hall,  J.,  and  Logan,  W.  E. 

Geological  map  of  Canada  and  the  United  States. 
(See  Logan  and  Hall,  566.) 

54a.    Hitchcock,  C.  H. 

Geological  map  of  United  States  and  part  of  Canada. 
Am.  Inst.  Min.  Eng.,  Trans.,  xv,  486,  1886. 
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Laurentian,  Silurian  and  Triassic  areas  of  Connecticut,  are  indicated 
in  color.     Scale   H  inch=ioo  miles. 

543.  Hitchcock,  C.  H.,  and  Blake,  W.  P. 

Geological  map  of  the  United  States. 
(See  Blake  and  Hitchcock,  500.) 

544.  Hitchcock,  £. 

A  geological  map  of  the  Connecticut  valley. 

Am.  Jour.  Sci.,  (i)  vi,  facing  p.  i,  1823. 

Hand-colored  map  of  the  region  adjoining  the  Connecticut  valley 
from  Bellows  Falls  to  New  Haven.  The  area  mapped  in  Connecticut 
is  bounded  on  the  west  by  a  line  from  West  Hartford  to  Milford;  on 
the  east  by  a  line  from  Stafford  to  Saybrook.  Formations  shown  are 
granite  (at  Branford),  gneiss,  hornblende  slate,  mica  slate,  chlorite 
slate,  Primitive  greenstone,  argillite,  Old  Red  sandstone.  Secondary 
greenstone.  Coal  formation,  alluvion.  Section  near  New  Haven  shows 
dikes  in  Old  Red  sandstone.     Scale   i   inch =7  miles. 

(The  boundaries  of  formations  as  shown  on  this  map  are  only  ap- 
proximately those  drawn  by  later  observers.     Map  is  dated  1822.  — Ed.) 

545.  Hitchcock,  £. 

Geological  map  of  Massachusetts. 

Am.  Jour.  Sci.,  (i)  xxii,  pi.  i,  1832. 

Includes  a  strip  about  s  miles  wide  along  the  north  edge  of  Con- 
necticut. Represents  in  color  the  following  formations:  mica  slate, 
argillaceous  and  flinty  slate,  limestone,  scapolite  rocks,  gneiss,  horn- 
blende slate,  granite.  New  Red  sandstone,  greenstone.  Tertiary,  talcose 
slate.   Scale  approximately  4H  incheszzjo  miles. 

546.  Hitchcock,  £. 

Map  of  the  course  of  bowlders  and  striae  in  North  America. 

Assoc.  Am.  GeoL,  pi.  vii,  1843. 

Includes  northeastern  United  States,  and  a  portion  of  Canada. 

547.  Hitchcock,  £. 

Geological  map. 

Smithson.  Contr.  Knowl.,  ix,  pi.  iii,  1857. 

Surface  geology,  chiefly  of  the  Connecticut  valley.  Includes  a  strif 
10-15  miles  on  each  side  of  the  Connecticut  river.  Locates,  in  coI«c, 
terraces,  beaches,  old  river  beds,  ledges  of  rock,  submarine  ridtf'w,  oid 
sea  bottom,  osars. 

548.  Hobbs,  W.  H. 

Geological  map  of  the  northwest  corner  of  Connecti- 
cut. 

Jour.  GeoL,  i,  pi.  ii,  1893. 

Map  includes  an  area  of  26  square  miles  in  the  northwest  corner 
of  the  state, —  one-third  of  the  town  of  Salisbury,  a  portion  of  eastern 
New   York,   and   southwestern    Massachusetts;    shows   areas   of   Everett 
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tiated  by  the  elevation  and  tilting  of  the  Cretaceous  plain 
of  erosion. 
U.  S.  Gcol.  Surv.,  21st  Ann.  Rept.,  pt.  iii,  pi.  xvii,  1901. 

556.  Hobbs,  W.  H. 

Maps  and  diagrams,  Pomperaug  valley. 

U.  S.  Geol.  Surv.,  21st  Ann.  Rept.,  pt.  iii,  1901. 

Newark  areas  of  southern  New  England,  p.  31;  Pomperaug  valley  and 
vicinity,  p.  33;  trap  ridges  near  South  Britain,  p.  35;  trap  ridges  near 
Woodbury,  p.  36;  Oliver  Mitchell  brook,  p.  41;  development  of  the 
anterior  basalt,  p.  43;  development  of  the  main  basalt,  p.  45;  Red 
spring,  p.  52;  Spring  house  section,  p.  86;  western  basin  wall,  p. 
87;  contact  along  fault,  p.  88;  Mitchell's  spring,  western  boundary  of 
East  hill,  p.  91;  William  Curtis  place,  p.  92;  fault  bounding  Horse  and 
Pine  hills,  p.  102;  Castle  Rock,  p.  iii;  southern  part  of  the  Pomper* 
aug  basin,  p.  118;  strike  and  dip  observations  in  crystalline  rocks,  p. 
123;  topography  of  ridges,  Southbury,  p.  150;  deep  inglenook,  Square 
Rock,  p.  151;  oblique  inglenook,  South  Britain,  p.  152;  fault  system  of 
the  Pomperaug  valley,  pi.  ix;  relation  of  drainage  to  faults,  pi.  xv; 
structure  of  the  basin  of  the  Shepaug  river,  pi.  xvi. 

557.  Hobbs,  W.  H. 

River  map  of  the  area  surrounding  the  Pomperaug  val- 
ley. 
Jour.  Geol.,  ix,  477,  ipor. 

Rivers  have  been  traced  from  the  U.  S.  Geological  Survey  atlas  sheets, 
which  are  on  a  scale  of  one  inch  to  the  mile.  Observed  faults  (extended) 
are  shown,  as  are  also  the  inferred  approximate  positions  of  joint  or 
fault  planees.     Scale  Yz  inch=:i   mile. 

558.  Hobbs,  W.  H. 

River  map  of  Connecticut. 

Jour.  Geol.,  ix,  468,  1901. 

This  map,  reduced  from  the  two-sheet  topographic  map  of  Con- 
necticut, shows  the  prominent  "  trough  lines  "  and  their  trend.  Scale 
I  inch =12^  miles. 

559.  Hobbs,  W.  H. 

Map  of  the  (Farmington)  Still  river  and  vicinity. 

Geol.  Soc.  America,  Bull.,  xiii,  fig.  i,  1901. 

Area  immediately  around  Torrington,  Winsted,  and  Robertsville. 
Locates  drift  barriers,  limestone,  ponded  areas.  Scale  J4  inch  =  i 
mile;  contour  interval,  20  feet. 

560.  Hobbs.  W.  H. 

Map  of  the  (Housatonic)  Still  river  and  vicinity. 

Geol.  Soc.  America,  Bull.,  xiii,  figs.  2,  3,  1901. 

Area  immediately  around  Danbury,  Bethel,  and  New  Milford.  Locates 
drift,  limestone,  schist.  Sketch  map  showing  development  of  Still  river. 
Scale   y»    inchm    mile;   contour  interval,   20   feet. 


Digitized  by  VjOOQIC 


UT   GEXDLOGY. 


n  mine  near  Lon 

»t.,  pt.  ii,  pi.  i,  190] 
jrsUUine  limestone,  peg 
>idote  rock;  also  stri] 
ur  interval  xo  feet. 


of  the  Trumbull 


t.,  pt.  ii,  pi.  ii,  190 
mde  gneiss,  crystallin 
r  interval  20  feet. 


valley,  showing  tl 
nd  of  basalt  trains 

>2. 


1.  46,  1904. 

twork  of  "lineaments " 

liles. 


East  Haven  regior 
ix,  1889. 

and  the  smaller  ridge 
:et  mountain  and  boun 


the  United  States 
•m  the  Missouri  ri 
also  on  smaller  s< 
563. 
ix,  294-298,  1866. 

onnecticut  valley  "Tri 
r  Silurian),  and  the  9 
Ily  made  colored  map 


miles  near  Merid" 


Digitized  by 


G 


XjyaTp 


82  CONNECTICUT   GEOL.   AND    NAT.    HIST.    SURVEY.       [Bull. 

568.  Loughlin,  G.  F. 

Map  of  Glacial  deposits  in  central  Connecticut. 

Connecticut  State  Geol.  Nat.  Hist.  Surv.,  Bull.  No.  4, 
pi.  i,  1905. 

Map  of  area  from  Maasachusettt  line  to  New  Haven,  and  from  Mid- 
dletown  to  Southington.  Areas  of  till,  sand,  high  gravels,  alluvium, 
clay  of  economic  value,  are  shown.  Scale  approximatelj  z  inch=a 
miles. 

569.  Lyman,  B.  S. 

A  conjectural  map  of  the  Connecticut  and  Massachu- 
setts New  Red  sandstone. 
Am.  Phil.  Soc,  Proc,  xxxiii,  202,  1894. 
Scale  I  inch^i6  miles. 

570.  McGee,  W.  J. 

Map  of  the  United  States,  exhibiting  the  present  status 
of  knowledge  relating  to  the  areal  distribution  of  geologic 
groups.     (Preliminary   compilation.) 

U.  S.  Geol.  Surv.,  5th  Ann.  Kept.,  for  1883-84,  pi.  ii, 
1885. 

Locates  the  eastern  and  western  highlands  of  Connecticut  as 
Archaean  except  a  small  area  of  Silurian  in  the  northwestern  part  of  the 
state.     Locates  also  the  central  Jurassic-Triassic  formation. 

57Z.    Maclure,  W.  ^ 

Geological  map  of  the  United  States  east  of  the  Missis- 
sippi, accompanying  "  Observations  on  the  geology  of 
the  United  States." 

Am.  Phil.  Soc,  Trans.,  vi,  1809. 

Connecticut  colored  as  Primitive  rocks,  or  uncolored,  except  two 
areas  of  Secondary,  one  reaching  from  Long  Island  Sound  to  Hart- 
ford, the  other  an  oval  area  west  of  the  Naugatuck.  Base  map  used 
is  by  Samuel  G.  Lewis.     Scale  approximately  i  inch=90  miles. 

(This  is  the  earliest  geoldgical  map  of  the  eastern  part  of  the 
United  States.— fid.) 

579.    Maclure,  W. 

Geological  map  of  the  United  States,  accompanying 
"  Observations  on  the  Geology  of  the  United  States." 

Am.  Phil.  Soc,  Trans.,  (new  series)  i,  pi.  i,  1818,  Abra- 
ham Small,  Philadelphia,  1817. 

In  this  second  edition  of  Maclure's  map  the  same  formations  are  in- 
dicated in  Connecticut  as  were  shown  in  the  first  edition;  viz..  Primitive 
and  Old  Red  sandstone.  (This  map  reproduced  in  1B22  by  P.  Qeave- 
land,  in  "  An  Elementary  Treatise  on  Mineralogy  and  Geology,"  2d 
ed.,  Boston;  and  by  Charles  Moxon  in  "The  Geologist,"  for  1843, 
London. —  Ed.)     Scale  1  inchmao  miles. 
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573.  Marcou,  J. 

Geological  map  of  the  United  States  and  the  British 
provinces  of  North  America. 

Boston,  Gould  and  Lincoln,  1853;  Petermann,  Mittheil., 
i,  pi.  XV,  185s;  Soc.  Geol.  France,  (2d  series)  3tii,  1853; 
Geology  of  North  America,  Zurich,  1858. 

Triassic  shown  as  New  Red  sandstone  or  Keuper  containing  an  area 
of  copper  trap.  ■  The  rest  of  the  state  shown  as  eruptive  and  metamorphio 
rocks.     Scale  approximately  i  inch  =:  90  miles. 

(The  formations  are  poorly  located  and  poorly  bounded.  There 
seems  little  excuse  for  such  crude  mapping  of  Connecticut  geology  13 
years  after  the  publication  of  Percival's  Report — Ed.) 

574.  Martin,  D.  S. 

Geological  map  of  New  York  city  and  vicinity,  accom- 
panied by  a  pamphlet  of  explanatory  text.  New  York, 
1888. 

A  part  of  Connecticut  west  of  a  line  from  Greenwich  to  Banksville  Is 
marked  "  Atlantic  or  Manhattan  gneiss,  age  disputed."  A  belt  of  lime- 
stone projects  into  this  area  from  the  north.     Scale  i  inch:=2  miles. 

575.  Bfathcr,  W.  W. 

A  geological  map  of  Windham  and  New  London  coun- 
ties. 

Sketch  of  geology  of  New  London  and  Windham  coun- 
ties, by  W.  W.  Mather,  1832. 

Ten  bed-rock  formations  are  shown  in  color,  as  are  also  quarries 
and  mines  of  stone,  iron,  peat,  clay,  plumbago,  and  mineral  springs. 
Two  sections  accompany  the  map.    Scale  approximately  i  inches  miles. 

576.  Merrill,  G.  P. 

Map  of  the  .marble  regions  of  western  New  England. 
Smithson.  Rept.,  pi.  vii,  1886. 

Includes  the  western  part  of  Conoecticut.  The  following  forma- 
tions are  indicated:  Archaean  or  Primitive,  Potsdam,  limestone,  slate 
or  gneiss. 

577.  Percival,  J.  G. 

Map  of  Connecticut  —  east  and  west  sections  of  Ken- 
sington, in  Berlin. 

Am.  Jour.  Sci.,  (i)  v,  42,  1822. 

Gives  locality  of  sulphate  of  barytes,  coal,  lead,  zeolites,  shalbr 
greenstone  and  sandstone  ridges,  alluvial  flat;  stalactites,  quartz  crys- 
tals, granite  block,  vein  of  carbonate  of  lime;  mills,  bridges,  roads,  etc. 

578.  Percival,  J.  G. 

A  geological  map  of  Connecticut. 

Report  on  the  geologfy  of  the  state  of  Connecticut. 
Published  by  the  Legislature,  New  Haven,  1842. 

The   base    map    shows   rivers,    lakes,    divides   between    streams,   and 
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town  boundaries.  The  geological  boundaries  are  shown  bj  dotted  lines. 
The  Secondary  formations  are  sei»arated  from  the  Primary,  and  the 
divisions  of  the  Primary  are  indicated  by  numbers,  by  Roman  and 
Greek  letters,  and  by  various  other  characters.  The  trap  of  the 
Secondary  and  of  the  Primary  are  indicated,  even  to  the  small  dikes. 
Scale  approximately  i  inch^sH  miles. 

(Considering  the  base  map  used  and  the  area  covered,  probably  no 
more  accurate  piece  of  geological  mapping  has  ever  been  accomplished 
by  a  single  individuaL — Bd,) 

579.  Petros  (C.  A.  Lee). 

Map  of  two  lakes,  Salisbury. 
Am.  Jour.  Sci.,  (i)  v,  34-37.  1822. 

Map  of  two  lakes  (Northeast  and  Little  ponds);  showing  islandt, 
swamp  lands,  moving  bowlders. 

580.  Putnam,  B.  T. 

Map  showing  location  of  iron  mines  east  of  the  Hudson 
river. 

Census  of  U.  S.,  loth  Rept.,  xv,  fig.  8,  p.  83,  1886. 

The  map  covers  a  portion  of  Litchfield  county;  southwestern  por- 
tion of  Berkshire  county,  Massachusetts,  and  Dutchess  and  Columbia 
counties,  New  York.  Shows  one  mine  in  Connecticut,  that  in  Kent. 
Scale  I  inch=:x  mile. 

581.  Pynchon,  W.  H.  C. 

Map  of  the  northwestern  corner  of  Connecticut. 

Connecticut  Quart.,  v,  279,  1899. 

Includes  towns  of  Salisbury,  Canaan,  North  Canaan,  Sharon,  and 
Cornwall.  Shows  topographic  features  and  location  of  iron  mines  and 
furnaces. 

582.  Rice,  William  North. 

Maps  of  Triassic  areas. 

Connecticut  Board  of  Agric,  Rept.  for  1903,  98,  107, 
1904. 

One  map  of  western  Connecticut  and  Massachusetts,  showing  Trias- 
sic; another  of  trap  areas  in  the  vicinity  of  Hartford,  Middletown,  and 
Meriden. 

582a.    Rice,  W.  N.,  and  Gregory,  H.  E.      .. 

Maps  and  diagrams  illustrating  Connecticut  geology. 

Connecticut  State  Gcol.  and  Nat.  Hist.  Surv.,  Bull. 
No.  6. 

Figure  x.  Geological  map  of  central  Connecticut  Highland  and 
lowland  distinguished.  Scale  i  inch=xo  miles.  Plate  xiv.  Preliminary 
geological  map  of  Connecticut.  A  simplified  edition  of  539a.  Scale  i 
hich=6  miles.  Plate  xv.  Triassic  areas  of  esstern  North  America. 
Scale  approximately  x  inch  ^x  so  miles.  Plate  xxiv.  Map  showing 
trap  sheets  and  faults  in  central  part  of  Triassic  area  of  Connecticut. 
A  clearly  drawn  map  in  black  and  white,  slightly  altered  from  Davis, 
527.  Scale  X  inch=a  mOea.  Figure  15.  Sketch  map  showing  faults 
near  East  Berlin.     Scale  i   inch=:iaoo  feet     Figure    17.  Relations  o€ 
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trap  ibeet,  fault  and  riTcr  at  Tariflhrille.  Figure  19.  Map  of  glacial 
ttric  in  Connecticut  Scale  approxinuitely  i  inch:=ao  miles.  Figures 
20-22.  Three  maps  of  the  Farmington  river  and  tributaries,  showing 
pre-Gladal  drainage.  Glacial  modifications^  and  present  stage  of  d» 
Tclopment.     Scale  approximately  i  inch  ^20  miles. 

56ab.    Robinson,  H.  H.,  and  Gregory,  H.  E. 

Preliminary  geological  mAp  of  Connecticut. 
Conaecticut  GeoL  and  Nat.  Hist.  Surv.,  BulL  No.  7. 
(See  Gregory  and  Robinson,  S39*-) 

583.  Russell,  L  C. 

Maps  of  the  G)nnecticut  valley  sandstone  areas. 

U.  S.  GeoL  Surv.,  Bull.  No.  85,  pis.  i,  iii,  1892. 

Map  of  areas  occupied  by  Newark  system.  Scale  x  inch:=xao  miles. 
Map  of  Triassic  of  the  Connecticut  valley,  giTtng  sedimentary,  trap 
rock,  and  pre-Newark  areas.     Scale  H  inch  ==5  miles. 

584.  Smith,  Alfred. 

The  Connecticut  river  valley. 
Am.  Jour.  Sci.,  (i)  xxii,  205,  1832. 

Includes  a  strip  about  forty  miles  wide  through  the  central  part  of 
Connecticut,  showing  the  eactent  of  the  Primitive  and  Secondary  forma- 
ations.     Scale  a^  inches=:4o  miles. 

585.  United  States  Geological  Survey. 

Map  of  the  United  States,  exhibiting  the  progress  made 
in  the  geographic  survey. 

U.  S.  Geol.  Surv.,  sth  Ann.  Rept.,  pi.  i,  1883-84. 

Shows  the  triangulation  areas  of  Connecticut;  also  the  area  surreyed 
by  other  organizations  than  the  U.  S.  Geological  Survey. 

586.  United  States  Geological  Survey. 

Topographical  atlas  of  the  state  of  Connecticut. 

United  'States  Geological  Survey  in  cooperation  with 
the  state  of  Connecticut.    1893. 

An  atlas  consisting  of  33  sheets  covering  Connecticut  and  parts  of 
adjoining  states.     1893.    Scale  i  inch=:i  mile;  contour  interval,  so  feet 

(This  is  the  only  complete  atlas  of  Connecticut  in  existence.  For  a 
history  and  description  of  this  map,  see  Connecticut  State  Geol.  Nat 
Hist  Surv.,  Bull.  Ns.  7.  The  map  may  be  obtained  from  the  State 
Librarian,  either  bound  or  in  separate  sheets. — Ed,) 

587.  United  States  Geological  Survey. 

Topographic  map  of  Connecticut. 

United  States  Geological  Survey  in  cooperation  with 
the  state  of  Connecticut.    1893. 

A  two-sheet  wall  map.  Scale  z  inchrra  miles;  contour  interval  100 
feet 

(Map  may  be  obtained  from  the  State  Librarian  unmounted  «r 
mounted  on  muslin  with  rollers. — Bd.) 
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568.  .Walcott,  C.  D. 

Geologic  map  of  portions  of  eastern  New  York,  western 
Vermont,  western  Massachusetts,  and  northwestern  Con- 
necticut. 

Am.  Jour.  Sci.,   (3)  xxxv,  pi.  iii,  1888. 

Formations  majipcd  are:  pre-Cambrian,  Cambrian  (Georgia,  PMs- 
dam);  Calciferous,  Chasj,  Trenton;  Hudson;  Quaternary.  Scale  i  inch 
=  xo  miles. 

589.    Westgate.  L.  G. 

Map  of  a  granite-gneiss  area. 

Jour.  Geol.,  vii,  639,  1899. 

Map  of  the  Maromas  granite-gneiss  area  on  the  Connecticut  rirer, 
below  Middletown.  Shows  inclusions,  quarries,  dip  and  strike.  Scale 
I  inch=:x  mile. 

590»    Whittle,  C.  L.,  and  Davis,  W.  M. 

Map  of  the  Triassic  area  in  Connecticut. 
(See  Davis  and  Whittle,  S3o.) 

Sgz.    Whittle,  C.  L.,  and  Davis,  W.  M. 

Maps  of  Triassic  trap  ridges. 
(See  Davis  and  Whittle.  531.) 
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Acid  dikes  —  Hovey,  163. 

Actinolite,  Salisbury  —  Lee,  185. 

Agassiz,  J.  L.  R.,  Age  of  the  Connecticut  valley  sandstones  —  Agas 

Marcou's  "  Geology  of  North  America "  —  Agassiz,  2. 

Reply  to  Agassiz  on  Marcou's  "Geology  of  North  Americ 
Dana,  28. 
Agate,  Berlin  —  Percival,  228. 

Age  of  Connecticut  valley  sandstones  —  Agassiz,  i;  Akerly,  3. 
Age  of  gorges  through  trap  ridges  —  Emerson,  no. 
Age  of  sandstone  of  the  United  States  —  Jackson,  173. 
Aicerly,  S.,  Geology  of  the  Hudson  river  and  vicinity  —  Akerly,  , 
Albite,  Haddam  Neck  —  Bowman,  8. 
Alluvium,  described  —  Percival,  229. 
Amphibolite,  Chester  —  Emerson,  112. 

Connecticut  —  Rice  and  Gregory,  243a. 
Ammosaurus  ^  Marsh,  203. 
Analyses.    See  Chemical  analyses. 
Anchisaurus,  description — Marsh,  202. 

restoration  —  Marsh,  205. 
Anorthite,  chemical  analysis  —  Hawes,  130. 
Apatite,  Canaan  —  Hobbs,  153. 

Haddam  Neck — Bowman,  8. 

Trumbull  —  Hobbs,  156. 
Aramamit  river,  map— Davis  and  Whittle,  531. 

trap  sheets  —  Davis,  100. 
Archxan  axes  of  eastern  North  America  —  Dana,  70. 
Archaean  limestone  and  other  rocks  in  Norfolk  —  Dana,  69. 
Argillaceous  slate  —  Hitchcock,  138. 
Arkose,  Sugarloaf — Emerson,  112. 
Asbestos,  production,  282. 
Ashbcd,  Meriden  —  Davis,  87,  98;    Emerson,  in;    Rice  and  Gn 

243a. 
Ashford,  geology  —  Percival,  229;   Rice  and  Gregory,  243a. 
Augite,  chemical  analysis  —  Hawes,  130. 

Salisbury  —  Lee,  185. 
Avon,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

B 

Baileyvillc,  basic  dike  on  Beseck  lake  —  Griswold,  125. 

Barbour,  E.  H.,  Ancient  inhabitants  of  the  Connecticut  valley  — 

hour,  4. 
Barite  —  Rice  and  Gregory,  243a. 

Barkhamsted,  corundum  and  graphitic  essonite  —  Emerson,  114. 
geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
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Barytes,  production,  262. 

sulphate  of,  Kensington  —  Percival,  228. 
Basalt,  altered,  Saltonstall  and  South  Durham  — Hawes,  ija 

olivine,  Pine  Hill  and  South  Durham  —  Hobbs,  155. 

tachylite,  Meriden  —  Emerson,  iii. 

Wintergreen  lake  —  Hawes,  128. 
Basic  dike  in  the  Triassic  —  Griswold,  125. 
Becket  gneiss  —  Rice  and  Gregory,  243a. 
Beckley  station,  map  —  Davis,  518. 

Triassic  formation  —  Davis,  82;    Rice  and  Gregory,  243a. 
Bed  of  the  Connecticut  river  —  Hitchcock,  14a 
Belodont  reptile  —  Marsh,  207. 

Benjamin,  H.  W.,  Scenes  around  Granby  —  Benjamin,  5. 
Berkshire  schist  —  Rice  and  Gregory,  243a. 
Berlin,  clays  —  Loughlin,  190. 

clay- working — Ries,  245. 

coal  *— Hitchcock,  136. 

fossils  —  Loper,  189. 

geology  —  Percival,  229;   Rice  and  Gregory,  243a. 

map  —  Loughlin,  5i58;    Percival,  577. 

mines  —  Percival,  228. 

sulphate  of  barytes  —  Percival,  228. 
Bemardston  loam  —  Pippin,  116. 
Beryl,  Haddam — Silliman,  263;  Bowman,  8. 

Salisbury  —  Lee,  185. 
Beseck  lake,  dike  at  outlet  —  Grhwold,  125. 
Bethany,  geology  -^  Percival,  229 ;   Rice  and  Gregory,  243a. 
Bethel,  map  —  Hobbs,  560. 

Bethlehem,  geology — Percival,  229;   Rice  and  Gregory,  243a. 
Bibliography,  concretions  —  Sheldon,  256. 

minerals  —  Brace,  9. 

Triassic  —  Russell,  253. 
Biography  —  Dana,  J.  D.,  76. 

Hitchcock,  E.,  148. 

Marsh,  O.  C.  20a 

Mather,  W.  W.,  214. 

Percival,  J.  G.,  230. 

Shcpard,  C.  U.,  259. 

Silliman,  B,  274. 
Birds,  foot-marks  —  Hitchcock,  139. 
Bismuth,  production,  282. 
Bitumen,  m  trap  —  Dana,  44;    Percival,  229;    Shepard,  258. 

production,  282. 
Black  Rock,  magnetic  declination  —  Gannett,  121. 
Blake,  W.  P.,  Geological  map  of  the  United  States  —  Blake,  soa 

Glacial  phenomena  of  Mill  Rock  (abstract)  —  Blake,  7. 

Review   of   Marcou's   geological   map  of  the   United   States  — 
Blake,  6. 
Bloomfield,  fossils  —  Loper,  189. 

geology. —  Percival,  229;    Rice  and  Gregory,  243a. 
Bluff  Head,  fossils  —  Loper.  189. 

Bolton,  geology  —  PercivaL  229;  Rice  and  Gregory,  243a. 
Bolton  schist  —  Rice  and  Gregory,  243a. 
Bowlders,  between  Guilford  and  Leete  Island  —  Wells,  294. 

glacial  —  Rice  and  Gregory,  243a;    Wells,  293. 

map  —  Hitchcock.  546. 

Montville  —  Wells,  294. 
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Norwich  —  Wells,  293. 

remarks  —  Dobson,  104. 

Salisbury  —  Lee,  186. 

Woodbndge  —  Hubbard,  164. 

See  also  Glaciers. 
Bowman,  H.  L.,  Occurrence  of  Minerals  at  Haddam   Neck  —  Bow- 
man, 8. 
Bozrah,  ^;eology  —  Percival,  229;    Rice  and  Gregory,  243a. 

tourmaline  —  Webster,  290. 
Brace,  J.  P.,  Observations  of  minerals,  Litchfield  —  Brace,  9. 
Bradley,  F.  H.,  Geological  chart  of  the  United  States  —  Bradley,  501. 
Branchville,  mine —  Dana,  11. 

minerals  —  Brush  and  Dana,  11. 
Branford,  excursions  —  Dana,  71. 

geology  —  Percival,  229;    Rice  and  Gregory,  243a. 

map  —  Hitchcock,  544. 

trap  ridges  —  Hovey,  162. 
Branford  granite-gneiss  —  Rice  and  Gregory,  243a. 
Brick,  manufacture  —  Loughlin,  190. 

producticMi  —  282. 
Bridgeport,  geology — Percival,  229;   Rice  and  Gregory,  243a. 

magnetic  declination  —  Gannett,  121. 

termination  of  Green  mountain  system  —  Marcou,  198. 
Brigham,  W.  T.,  Historical  notes  of  the  earthquakes  of  New  England  — 

Dana,  32. 
Brimfield  schist  —  Rice  and  Gregory,  243a. 

Bristol,  copper  mine  —  Hulbert,  165;    Rice  and  Gregory,  243a;    Whit- 
ney and  Silliman,  297. 

fossil  trees  —  Silliman,  277. 

geology  —  Percival,  229;   Rice  and  Gregory,  243a. 

sewage  conditions  —  Rafter,  240. 
Bristol  granite-gneiss  —  Rice  and  Gregory,  243a. 
Brongniart,  A.,  Miscellaneous  observations  —  Brongniart,  10. 
Brookfield,  geology — Percival,  229;    Rice  and  Gregory,  243a. 
Brookfield  diorite  —  Rice  and  Gregory,  243a. 
Brooklyn,  geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
Brown  hematite  deposits  of  eastern  New  York  and  western  New  Eng- 
land—  Eckel,  108. 
Brush,  G.  J.,  and  Dana,  R  S.,  New  and  remarkable  mineral  locality  at 

Branchville — Brush  and  Dana,  11. 
Building  stone  of  the  United  States  —  Merrill,  217. 
Bureau  of  soils,  work  in  Connecticut  —  Gregory,  124c. 
Burlington,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
Burr,  H.  T.,  Physical  geography  of  the  Connecticut  lowland  —  Burr,  12. 

C 

Calcite,  Trumbull  —  Hobbs,  156. 

Calcium  carbonate,  sinter,  tufa,  Salisbury  —  Lee,  185. 

Cambrian,  Canaan  —  Walcott,  288. 

Canaan,  apatite  —  Hobbs,  153. 

augite  —  Hitchcock,  137. 

faults  —  Hobbs,  152. 

geology  —  Percival,  229;    Rice  and  Gregory,^  243a. 

gneiss  —  Dana,  37. 

hessonite  —  Hobbs,  153. 
«       iron  —  Hitchcock,  137. 

kaolin  —  Dana,  63. 
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limestone  —  Dana,  37;    Hobbs,  150,  151. 

limestone  quarries  —  Ries,  244. 

map — Pynchon,  581. 

marble  —  Newberry,  220. 

mica  schist  —  Dana,  37. 

minerals  —  Brace,  9. 

mines  —  Pynchon,  238. 

pseudomorphs  —  Hobbs,  149. 

quartzite  —  Dana,  35,  zi  \   Walcolt,  288. 

stratified  rocks  —  Dana,  62. 

tremolite  —  Hitchcock,  137. 

wedging  action  of  intruding  material  —  Dana,  d/^. 
Canterbury,  geology — Percival,  229;    Rice  and  Gregory,  243a. 
Canterbury  granite-gneiss  —  Rice  and  Gregory,  243a. 
Canton,  geology  —  Percival,  229;   Rice  and  Gregory,  243a. 
Castle  Rock,  glacial  action — Hobbs,  158. 
Cat  Hole  peaks,  trap  sheets  —  Davis,  100. 
Catopterus  gracilis.  Little  Falls  —  Davis,  ^T. 
Cement,  Southington  —  Lowrey,  191. 
Ccnterville,  map  —  Dana,  513. 
Chalcedony,  Bcrhn  —  Percival,  228. 
Chalcopyrite,  Trumbull  —  Hobbs,  156. 
Chalybeate  springs,  Litchfield  —  Pierce,  233. 
Chamberlin,  Second  glacial  epjxh  —  Dana,  60. 
Champlain  period,  Connecticut  valley  —  Dana,  58. 
Chapin,  A.  b..  Junction  of  trap  and  sandstone  at  Wallingford  —  Chapin, 

13. 
Chapin,  J.  H.,  Hanging  Hills — 'Chapin,  14. 

Topographic  survey  of  Connecticut  —  Chapin,  16. 
Trap  ridges,  Meriden  —  Chapin,  15. 
Chapinville,  mines  —  Putnam,  235. 

Chaplin,  geology  —  Percival,  229 :  Rice  and  Gregory,  243a. 
Chatfield,  mines  —  Putnam,  235. 
Chatham,  coal  —  Hitchcock,  136. 
cobalt —  Loomis,  188. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a, 
Chauncy  peak,  map  — Davis,  523,  529,  531. 

trap  sheets  —  Davis,  100;    Rice  and  Gregory,  243a. 
Chemical  analyses,  anorthite  —  Hawes,  130. 

basalt.     Meriden  —  Pratt,    282     (1898-99);     Middlefield  —  Pratt 
(Gregory,  U.  S.  G.  S.,  Bull.  165,  p.  176) ;  Plainville  —  Souther, 
282    (1898-99);    Saltonstall  —  Hawes,    128;    South   Durham  — 
Hawes,  128. 
Branchville  minerals  —  Brush  and  Dana,  11. 
clay  —  Loughlin,  190;   Ries,  245. 
diabase,    West    Rock  — Dana,    21;     Hawes,    128;     Wintergrecn 

lake  —  Hawes,  128. 
feldspar  —  Hawes,  130. 
granite,  Millstone  point,  Stony  Creek  — Kemp,  177;  Waterford  — 

282  (1898-99). 
keratophyre,  Fair  Haven  —  Hovey,  163. 
limestone,   Canaan  — 282    (1898-99);   Fairfield  — 282    (1889-90); 

Ries,  244. 
olivine,  Pine  hill.  South  Britain  —  Hobbs,  155. 
sandstone,  Cromwell,  Portland  — 282  (1896-97,  1898-99). 
tachylite,  Meriden  —  Emerson,  in. 

trap  — Dana,  21;    Hawes,   128,    129;    Pratt,  282;    Souther,  282 
(1898-99). 
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flood  of  melting  Quaternary  glacier  —  Dana,  52. 

gorges   through  trap  —  Emerson,    no. 

height  at  Hartford  —  282;  Newell,  223. 

height  at  Holyoke  —  Newell,  224.  • 

lower  part  —  Ktimmel,   183. 

profile,  282. 

relation  of  kames  to  Triassic  formation  —  Dana,  51. 

terraces  —  Dana,  26. 

trap.    See  Triassic  trap. 

western  discharge  —  Dana,  56. 
Connecticut  surveys,  history  —  Gregory,  124c. 
Connecticut  swamp  —  Dorsey,  106;  Fippin,  116. 
Connecticut  valley,  ancient  inhabitants  —  Barbour,  4. 

before  facial  flood  —  Dana,  41. 

bird  origin  of  foot-prints  —  Deane,  101. 

concretions  —  Sheldon,  256. 

crystalline  and  metamorphic  rocks  —  Marcou,  200. 

drilled  wells  —  Pynchon,  239. 

formations  —  Hitchcock,   132;    Rogers,  248. 

fossil  fishes  —  Eaton,  107. 

fossil  fishes  and  plants  —  Loper,  189;  Newberry,  221. 

fossil  foot-prints  —  Hitchcock,  144;  Lull,  i^,  193. 

fossil  foot-prints  of  birds,  and  impressions  of  raindrops  — 
Lyell,  194. 

Glacial  epoch  —  Dana,  6©. 

glacier  —  Dana,  31,  33. 

lakes  formerly  existed  —  Hitchcock,  136. 

lowland  —  Burr,  12;    Davis,  96. 

mags  —  Dana,  506,  510;  Davis,  522,  526,  528;  Dorsey,  533; 
Fippin,  538;  Hitchcock,  544,  547;  Logan,  566;  Rice  and 
Gregory,    582a;     Russell,   583;     Smith,    584;    Westgate,   589. 

mechanical   origin  of  Triassic   monoclinal  —  Davis,  86. 

mineralogy  and  scenery  —  Hitchcock,  136. 

origin   of  Triassic  monoclinal  —  Davis,  85. 

sandstone,  age  of  —  Agassiz,  i;  Deane,  loi ;  Hitchcock,  146; 
Rice  and  Gregory,  243a ;    Wells,  291 ;    Whelpley,  296. 

sandstone,  red  —  Lyell,   194;    Marcou,  200. 

sandstone    formation  —  Wells,   291. 

soil,  suitable  for  tobacco  —  Killebrew,   178. 

soil  survey  —  Dorsey,  106;  Fippin,  116. 

structure  of  Triassic  formation  —  Davis,  84;  Rice  and  Greg- 
ory, 243a. 

terraces   and  beaches  —  Hitchcock,   145. 

topographic   development   of  Triassic    formation  —  Davis,   89. 

trap  rock  —  Dana,  21 ;    Davis,  93 ;    Hawes,  128 ;    Whelpley,  296^ 

Triassic  formation  —  Davis,  83,  98;  Rice  and  Gregory,  243a; 
Russell,  249*  253. 

Triassic  rocks  as  source  of  water  supply  —  Fuller,   119. 

Triassic   sandstone  —  Davis,   92. 

Triassic  structure  —  Davis,   79. 

Triassic  trap.    See  Triassic  trap. 

trough  —  Dana,  70. 

water  body,  relation  to  Hudson  —  Peet,  227. 

water  courses  —  Smith,  279. 
Cooper,  T.,  Volcanoes  and  volcanic  substances  —  Cooper,  18. 
Copper,   Bristol  —  Hulbert,   165;    Whitney  and    Silliman,  297. 

Granby  —  Benjamin,  5;    Hitchcock,  138. 
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Manchester  —  de  Valcherville,  285. 

Wallingford  —  Silliman,  264. 
Copper  mines  —  Dana,  75;  JIulbert,  165;  Rice  and  Gregory,  243a 
Cornish,   R.   H.,   Glacial   scratches   in   vicinity  of  Norfolk  —  Co 

19. 
Cornwall,  geology — Percival,  229;    Rice  and  Gregory,  243a. 

graphitic  mica  schists  holding  garnet  and  cyanite  —  Hunt 

map  —  Pynchon,  581. 

observations  of  minerals  —  Brace,  9. 

plumbago  —  Silliman,  263. 
Corundum,   Barkhamsted  —  Emerson,   114. 

production  —  282. 
Coventry,  geology  —  Percival,  229 ;    Rice  and*  Gregory,  243a. 
Crescent-formed  dikes  —  Rogers,  247. 

Crosby,  W.  O.,  Notes  on  the  geology  of  the  sites  of  the  pro; 
dams  in  the  valleys  of  the  Housatonic  and  Tenmile  1 
—  Crosby,  20. 
Crystalline   formation  —  Smith,  279. 
Crystalline  rocks,  action  of  humus  acid  —  Julien,  175. 

New  Haven  —  Silliman,  260. 

origin  —  Hunt,  168;    Rice  and  Gregory,  243a. 

types  described  —  Rice  and  Gregory,  243a. 
Crystals,  South  L3rme — Matthew,  215. 


Damming  of  the  streams  by  drift  ice —  Dana,  42. 

Dams,  proposed  in  valleys  of  Housatonic  and  Tenmile  rivers  —  Ci 

20.  • 

Dana,  E.  S.,  Occurrence  of  garnet  with  the  trap  of  New  Ha\ 

Dana,  22. 
Trap  rock  of  the  Connecticut  valley  —  Dana,  21. 
Dana,  E.  §.,  and  Brush,  G.  J.,  New  and  remarkable  mineral  local 

Branchville  —  Brush  and  Dana,  11. 
Dana,  J.  D.,  Additional  Observations  on  the  Jura-Trias  traps  0 

New  Haven  region  —  Dana,  74. 
Age  of  Green  mountains  —  Dana,  48. 
Age  of  Taconic  system  —  Dana,  53. 
Archaean  axes  of  eastern   North   America  —  Dana,   70. 
Archaean  limestone  and   other  rocks   in   Norfolk  —  Dana, 
biography  —  76, 

Character  of  trap  near  New  Haven  —  Dana,  36. 
Connecticut  river  valley  glacier  —  Dana,  33. 
Damming  of  the  streams  by  drift  ice  —  Dana,  42. 
Decay  of  quartzite  and   formation  of  sand  —  Dana,  63. 
Displacement   through    intrusion  —  Dana,   66. 
Doleryte    (trap)    of    Triassic-Jurassic    area    of    eastern    1 

America  —  Dana,  50. 
Evidence    from    southern    New    England    against    the    ic 

theory  of  drift  —  Dana,  54, 
Excursion  to  Hanging  Hills  of  Mericjen  —  Dana,  30. 
Flood  of  Connecticut  valley  from  the  melting  of  the  Qi 

nary  glacier  —  Dana,  52. 
Four  Rocks  of  New  Haven  —  Dana,  71. 
Geological   age  of  Taconic  system  —  Dana,  53. 
Geological    relations    of    the    limestone    belts    of    WestcF 

county  —  Dana,  49. 
Geology  of  New  Haven  region — ^Dana,  29,  38. 
Glacial  and  Champlain  eras  in  New  England  —  Dana,  39. 
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Green  mountain  geology  —  Dana,  35. 

Hudson  river  age  of  Taconic  schists  —  Dana,  47. 

Indurated  bitumen  —  Dana,  44. 

Manual  of  geology  —  Dana,  75. 

Objection  to  Cook's  hypothesis  of  former  continuity  of  Triassic 
areas  —  Dana,  55. 

Origin  of  bedding  in  so-called  metamorphic  rocks  —  Dana,  62. 

Origin  of  grand  outline  features  of  the  earth  —  Dana,  24. 

Percival's  map  —  Dana,  73. 

Phenomena  of  Glacial  and  Champlain  periods  about  the  mouth 
of  the  Connecticut  —  Dana,  58. 

Plan  of  development  in  the  geological  history  of  North  America^ 
—  Dana,  25.      • 

Quaternary,  or  post-Tertiary,  of  New  Haven  —  Dana,  31. 

Quartzite,  limestone,  and  associated  rocks  of  Great  Harrington^— 
Dana,  37. 

Relation  of  geology  of  Vermont  to  the  Berkshires  —  Dana,  43. 

Relation  of  so-called  kames  to  terrace  formation  —  Dana,  51. 

Reply  to  Prof.  Agassiz  —  Dana,  28. 

Review  of  "  Geology  of  North  America,"  Marcou  —  Dana,  ^2:7. 

Review  of  "Gradual  variation  in  intensity  of  Metamorphism,** 
Middlemiss  —  Dana,  67. 

Review  of  "  Historical  notes  of  the  earthquakes  of  New  Eng- 
land,*' Brigham  —  Dana,  32. 

Review    of    "Illustrations    of    surface    geology,"    Hitchcock  — 
Dana,  26. 

Review  of  "  Physical  history  of  the  Triassic  formation  in  Con- 
necticut Valley,"   Russell  —  Dana,  46. 

Review  of  "  Preliminary  paper  on  terminal  moraine,"  Chambcr- 
lin  —  Dana,  60. 

Review  of  "  Subaerial  decay  of  rocks,"  Russell  —  Dana,  68. 

Review   of   "  Triassic    trap   and    sandstones   of   eastern    United 
States,"  Davis  —  Dana,  57. 

Some  features  of  non-volcanic  igneous  ejection,  a<  illustrated  in 
the  four  "  Rocks  "  of  New  Haven  —  Dana,  72. 

Some  points  in  lithology  —  Dana  45. 

Southern  New  England  during  the  melting  of  the  great  glacier  — 
Dana,  41. 

Southward  ending  of  a  great  synclinal  in  the  Taconic  range  — 
Dana,  59,  61. 

Staurolite    crystals    and    Green    mountain    gneisses    of    Silurian- 
age  —  Dana,  40. 

Taconic  rocks  and  stratigraphy  —  Dana,  65. 

Taconic  system,  age  —  Dana,  53. 

Till  ridge  near  New  Haven  called  Round  hill  —  Dana,  34. 

Triassic  sandstone  of  Palisade  ranges  —  Dana,  34. 

Western  discharge  of  the  flooded  Connecticut  —  Dana,  56. 
Danbury,  geology — Percival,  229;    Rice  and  Gregory,  243a. 

map  —  Dana,  508;    Hobbs,  560. 

sewage  conditions  —  Rafter,  240. 
Danbury  granodiorite-g^eiss  —  Rice  and  Gregory,  243a. 
Darien,  geology  —  Percival,  229. 
Davis,  C.  H.  S.,  Catopterus  gracilis  —  Davis,  yy. 
Davis,  W.  M.,  Ash  bed  at  Meriden  —  Davis,  87. 

Brief  notice  of  observations  on  Triassic  trap  —  Davis,  78. 

Distribution  and  origin  of  drumlins  —  Davis.  81. 

Faults  in  Triassic  formation  near  Meriden  —  Davis,  88. 
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Geological  dates  of  origin  of  certain  topographic  forms  o 

lantic  coast  —  Davis,  94. 
"High  river  terraces,"  Koons  —  Davis,  80. 
Lost  volcanoes  of  Connecticut  —  Davis,  95. 
Mechanical  origin  of  Triassic  monoclinal  —  Davis,  86. 
Physical  geography  of  southern  New  England  —  Davis,  91, 
Quarries  in  lava  beds  at  Meriden  —  Davis,  97. 
Relations   of  Triassic   trap   and   sandstones   of   eastern   I 

States  —  Davis,  82. 
Remarks  on  structure  of  fillings  of  fissures  in  trap  at  Meri> 

Davis,  90. 
Results  of  study  of  the  mechanical  origin  of  the  Triassic  1 

clinal  in  Connecticut  valley  —  Davis,  86. 
Structural  value  of  the  trap  ridges  of  Connecticut  valley  — ; 

79. 
Structure  of  fillings  of  fissures  in  trap,  Meriden  —  Davis, 
Structure  of  Triassic  formation  of  Connecticut  valley  — '. 

83,  84.     . 
Topographic  development  of  the  Triassic  formation  of  C( 

ticut  valley  —  Davis,  89. 
Triassic  formation  of  Connecticut  —  Davis,  93,  98. 
Triassic  sandstone  of  Connecticut  valley  —  Davis,  92. 
Davis,  W.  M.,  and  Griswold,  L.  S.,  Eastern  boundary  of  Conn< 

Triassic  —  Davis  and  Griswold,  p9. 
Davis,  W.  M.,  and  Whittle,  C.  L.,  Intrusive  and  extrusive  Triassi 
sheets  of  the  Connecticut  valley  —  Davis  and  Whittle, 
Deane,  James,  Ichnographs  from  the  sandstones  of  Connecticut  va 

Deane,  101. 
Decay  of  quartzite,  and  formation  of  sand,  kaolin,  and  crystj 

quartz  —  Dana,  63. 
Derby,  geology  —  Percival,  229 ;  Rice  and  Gregory,  243a. 

stratified  rocks  —  Dana,  62. 
Des  Ooiseaux,  A.  L.  O.,  Optical  examination  of  red  feldspar  of 

ite  from  Lyme  —  Des  Cloiseaux,  102. 
Dewey,  C,  Sketch  of  geology  and  mineralogy  —  Dewey,  103. 
Diabase  —  Merrill,  218;   Rice  and  Gregory,  243a. 

chemical  analysis,  Meriden  —  282;  Middlefield  —  Gregory, 
G.  S.,  Bull.  16s,  p.  176;  West  Rock  —  Hawes,  128.    Se 
Chemical   analyses. 
Holyoke  —  Emerson,   112. 
Differential  faults —  Hobbs,  152. 
Dike,  acid,  in  Triassic  area  —  Hovey,  163. 
Beseck  lake  —  Griswold,  125. 
crescentic  form  —  Rogers,  247;  Whelpley,  296. 
described  —  Hunt,  171. 
Mill  Rock  —  Dana,  71,  72, 
See  also  Triassic  trap. 
Diluvium,  described —  Percival,  229. 
Dinosaur  skeleton,  Manchester  —  Marsh,  205. 
Dinosaurs  of  North  America  —  Marsh,  206. 
Diorite,  Brookfield  —  Rice  and  Gregory,  243a. 

See  also  Gabbro-diorite. 
Displacement  through  intrusion— -Dana,  66. 
Distribution  and  origin  of  drumlins  —  Davis,  81. 
Dobson,  P.,  Iceberg  theory  of  drift  —  Dobson,  105. 

Remarks  on  bowlders  —  Dobson,  104. 
Dolerytc  (trap)  of  Triassic-Jurassic  area  —  Dana,  5a 
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Dolomite,  described  —  Merrill,  218;   Rice  and  Gregory,  243a. 

Salisbury  —  Lee,  185. 
Dorsey,  C.  W.,  and  Bonsteel,  J.  A.,  Soil  survey  of  Connecticut  valley  — 

Dorsey  and  Bonsteel,  106. 
Drainage,  map  —  Davis,  526 ;  Hobbs,  564. 
Drift,  iceberg  theory  —  Dobson,  105. 

origin  —  Hitchcock,  141. 

See  also  Glacial  period,  Glaciers. 
Drilled  wells  of  Triassic  area — Pynchon,  239. 

Drumlins,  distribution  and  origin  —  Davis,  81 ;   Rice  and  Gregory,  243a. 
Durham,  fossil  fishes  —  Davis,  77. 

fossil  foot-prints  —  Hitchcock,  146. 

fossils  —  Lopcr,  189;   Newberry,  221. 

geology  —  Percival,  229 ;   Rice  and  Gregory.  243a. 

E 

Earthquakes,  New  England  —  Williams,  299. 

review  of  "  Earthquakes  of  New  England,"  Brigham  —  Dana,  32. 
East  Berlin,  map  —  Rice  and  Gregory,  582a. 
East  Haddam,  geology  —  Percival.  229;   Rice  and  Gregory,  243a. 
East  Hartford,  geology  —  Percival,  229;   Rice  and  Gregory,  243a. 
East  Haven,  fossils  —  Eaton,  107;  Loper,  189. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

map  — Hovey,  565. 

trap  ridges  —  Davis,  98;  Hovey,  162. 
East  Hill,  map  — Hobbs,  556. 

East  Lyme,  geology  —  Percival,  22g ;   Rice  and  Gregory,  243a. 
East  Meriden,  trap  sheets  —  Davis,  100. 
East  Rock,  described  —  Sillrman,  262. 

description  with  illustrations  —  Dana,  71,  72. 

difference  between  East  and  West  Rocks  —  Porter,  234. 

garnets  found  in  trap  —  Dana,  22. 

map  —  Dana,  516,  5x7. 

trap  —  Dana,  21 ;  Davis,  100. 
East  Windsor,  geology  —  Percival,  229;  Rice  and  Gregory,  243a. 
Eastern  boundary  of  the  Connecticut  Triassic  —  Davis,  99. 
Eastern  United  States,  map  — Maclure,  196,  571,  572. 
Eastford  granite-gneiss  —  Rice  and  Gregory,  iqa. 
Eaton,  G.  P.,  Notes  on  collection  of  Triassic  hshes  at  Yale  —  Eaton, 

107. 
Eckel,  E.  C,  Brown  hematite  deposits  —  Eckel,  108. 
^gleston,  J.  W.,  Glacial  remains  near  Woodstock  —  Eggleston,  109. 
Eflington,  coal  —  Hitchcock,  136. 

geology  — Percival,  229;    Rice  and  Gregory,  243a, 
Elmwood  loam  —  Dorsey,  106;   Pippin,  116. 

Emerson,  B.  K-,  Age  and  cause  of  gorges  cut  through  trap  ridges  by 
the  Connecticut  —  Emerson,  no. 

Diabase  pitchstone  and  mud  enclosures  of  the  Triassic  trap  of 
New  England  —  Emerson,  in. 

Geology  of  eastern  Berkshire  county,  Massachusetts  —  Emerson, 

113. 
Holyoke  folio  —  Emerson,  112. 

Note  on  corundum  and  a  graphitic  essonite  from  Barkhamsted  — 
Emerson,  114. 
Emmons,  E.,  The  Taconic  system  —  Emmons,  115. 
Enfield,  geology— Percival,  229;    Rice  and  Gregory,  243a. 
Enfield  sandy  loam  — Dorsey,  106;  Pippin,  116. 
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Epidote,  Salisbury  —  Lee,  185. 

Trumbull  —  Hobbs,  156. 
Eskers  —  Rice  and  Gregory,  243a. 

some  typical —  Upham,  384;    Woodworth,  301. 
Essonite,  graphitic,  Barkhamsted  —  Emerson,  114. 
Excursion  to  Hanging  Hills,  Meriden  —  Dana,  30. 


Fair  Haven,  dikes  in  railroad  cut  —  Hovey,  163. 
Fairfield,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
Falls  Village,  gneiss  —  Dana,  37. 

limestone  —  Dana,  37;    Rice  and  Gregory,  243a. 

mica  schist  —  Dana,  37,  40. 

quartzite  —  Dana,  37. 
Farmingtpn,  geology — Percival,  229;  Rice  and  Gregory,  243a. 

indurated  bitumen  in  trap  —  Dana,  44. 

map  — Davis,  530,  531;   Hobbs,  559. 
Farmington  mountain,  trap  sheets  —  Davis,  100. 
Farmington  river,  clay  on  banks  —  Stodder,  281. 

original  course  —  Kunmiel,  183;    Rice  and  Gregory,  243a. 

Still  river,  tribuUry  —  Hobbs,  157. 
Farmington  valley,  discharge  of  floioded  Connecticut  —  Dana,  50. 
Fault  lines  —  Hobbs,  161 ;    Rice  and  Gregory,  243a. 
Faults,  eastern  boundary  Triassic  —  Davis  and  Griswold,  99. 

Housatonic  —  Hobbs,  151. 

Pomperaug  valley  —  Hobbs,  155. 

Triassic  formation  —  Davis,  88,  98;  Rice  and  Gregory,  243a. 
Feldspar,  chemical  analysis  —  Hawes,  130. 
>    granular  —  Mather,  209,  211. 

Lane's  mine  —  Hitchcock,  137. 

production  —  282. 

red,  at  Lyme  —  Des  Qoiseaux,  102. 

Salisbury  — Lee,  185. 

Trumbull  —  Hobbs,  156. 
Fenton  river,  pot-holes  at  Gurleyville  —  Koons,  182. 
Fippin,  E.  C,  Soil  survey  of  Connecticut  valley  —  Fippin,  116. 
Fisher^s  Island,  bowlders  —  Wells,  293. 
Fishes,  fossil  —  Eaton,  107;  Loper,  189;  Newberry,  221. 
Fissures,  peculiarities  —  Dana,  24. 

structure  of  fillings,  Meriden  —  Davis,  90. 
Flint,  production  —  282. 
Flinty  slate  —  Hitchcock,  138. 
Floetz    trap    formation    in    Connecticut    and    Massachusetts  —  Coo 

18;  Porter,  234. 
Flood  of  the  Connecticut  river  valley  from  the  melting  of  the  Qua 

nary  glacier  —  Dana,  52. 
Fluor-spar,  Haddam  Neck  —  Bowman,  8. 

Trumbull  — Hobbs,   156. 
Fluviatile  swamps  of  New  England  —  Shaler,  255. 
Foot-prints,"  bibliography  —  Hitchcock,  146. 

Connecticut  valley  —  Barbour,  4;   Lull,  192,  193. 

See  also  Fossil  foot-prints. 
Former  extent  of  the  Triassic  formation  —  Russell,  251. 
Fossil    fishes  —  Davis,   77  \    Eaton,    107;    Loper,    189;     Marcou, 

Mather,  212. 
Fossil  fishes  and  plants.  Connecticut  valley  and  New  Jersey  —  M 
berry,  221. 
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Fossil  foot-prints,  birds  —  Lyell,  194;  Marcou,  198. 

Connecticut  valley  —  Hitchcock,  144;    Lull,  192,  193. 

described  —  Lull,  192;    Marcou,  198,  199. 

Jura-Trias  of  North  America  —  Lull,  192,  193. 
Fossil  plants,  New  Red  sandstone  —  Hitchcock,  142. 

trees  found  at  Bristol  —  Silliman,  277. 

wood.  South  Britain  —  Knowlton,   180. 
Fossils,  anterior  and  posterior  shales  —  Loper,  189. 

Connecticut  valley  —  Barbour,  4 ;  Lull,  192,  193. 

description  ^- Dana,  75. 

list  —  Lull,  193;    Lyman,  195;    Russell,  253. 

Triassic  —  Miller,  219.  ^ 

Four  Rocks  of  New  Haven  region  —  Dana,  71. 

Frazer,  P.,  Jr.,  Description  of  microscopic  sections  of  trap  —  Frazer, 
117. 

Review  of  "  Physical  history  of  Triassic  formation,"  Russell  — 
Frazer,  118. 
Franklin,  geology  —  Percival,  2^;    Rice  and  Gregory,  243a. 
Fuller,  M.  L.,  Triassic  rocks  of  Connecticut  valley  as  a  source  of  water 
supply  —  Fuller,  119. 


Galena,  Salisbury  —  Lee,  185. 

Gannett,  H.,  Geographic  dictionary  of  Connecticut  —  Gannett,  120. 

Magnetic  declination  in  the  United  States  —  Gannett,  121. 
Garnet,  with  trap  at  New  Haven  —  Dana,  22. 

production  —  282. 

Redding  ^  Seel ey,  254. 

Salisbury  —  Lee,  185. 

Trumbull  —  Hobbs,  156. 
Gaylord's  mountain,  trap  sheet  —  Davis,  100. 
Geognosy  of  the  Appalachian  system  —  Hunt,  167,  168. 
Geographic  dictionary  of  Connecticut  —  Gannett,  120. 
Geological  and  Natural  History  Survey,  Connecticut  —  Rice,  242. 
Geological  chart  of  the  United  States  —  Bradley,  501. 
Geological  essays,  Hayden  —  Silliman,  268. 
Geological  History,  North  America  -;-  Dana,  25. 
Geological  map  of  Connecticut,  preliminary  —  Gregory  and  Robinson* 

124c. 
Geological   map   of    New    London    and   Windham   counties  —  Mather, 

210,  575. 
Geological  map  of  the  United  States  —  Blake,  6,  500;  Marcou,  198. 
Geological  map  of  the  United  States  and  part  of  Canada  —  Hitchcock, 

135. 
Geology  and  mineralogy  of  New   London  and   Windham   counties  — 

Mather,  211.    , 
Geology  and  maneralogy  of  western   part   of  Massachusetts   and   ad- 
joining states  —  Dewey,   103. 
Geology  of  Connecticut — Percival,  229;  Rice  and  Gregory,  243a. 

as  related  to  water  supply — Gregory,  124a. 

outline  —  Gregory  and  Robinson,  124c. 
Geology  of  Massachusetts  —  Hitchcock,  138. 
Geology  of  New  Haven  region  —  Dana,  29,  3^. 
Geology  of  New  York  —  Mather,  213. 
Geology  of  North  America  —  Dana,  27 ;  Marcou.  200. 
Geology  of  United  States  —  Maclure,   196,  197;   Rogers,  248. 
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Gibb,  G.  R,  Crystallized  bodies  in  meteoric  stone  —  Gibb,  122. 

Glacial  action  in  southern  Connecticut  —  Wells,  293. 

Glacial  epoch,  second  —  Dana,  16. 

Glacial  period  —  Dana,  38,  39,  58;  Davis,  80;  Hitchcock,  134;  Pcet,  227. 

Glaciers,  action  on  projecting  rock  masses  —  Hobbs,  158. 

Connecticut  —  Dana,  42 ;   Pynchon,  237 ;  Rice  and  Gregory,  243a ; 
Wells,  293. 

Connecticut  river  valley  —  Dana,  33 ;   Peet,  227. 

damming  of  streams  —  Dana,  42;    Rice  and  Gregory,  243a. 

deposits  —  Dana,  75;    Emerson,   112;    Rice  and  Gregory,  243a; 
Upham,  283. 

drift  —  DSobson,  105;  Hobbs,  157;  Hitchcock,  145;  Mather,  213; 
Rice  and  Gregory,  243a. 

extent  in  North  America  —  Hitchcock,  134. 

flood  in  Connecticut  valley  —  Dana,  52. 

Goshen  —  Norton,  226. 

hypothesis,  history  —  Rice  and  Gregory,  243a. 

Mill  Rock  —  Blake,  7. 

modification  of  surface  —  Davis,  98. 

New  Haven  —  Dana,  31. 

remains  near  Woodstock  —  Eggleston,  109. 

scratches  at  Norfolk  —  Cornish,  19. 

striae,  map  —  Rice  and  Gregory,  582a. 

time,  conditions,  and  results  —  Dana,  38. 

Woodbridge  bowlder  —  Hubbard,  164. 
Glastonbury,  geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 

soils  —  Dorsey,  106,  533. 
Glastonbury  granite-gneiss  —  Rice  and  Gregory,  243a. 
Gneiss,  Becket  —  Elmerson,  112,  113;   Rice  and  Gregory,  243a* 

Branford  —  Rice  and  Gregory,  243a. 

Bristol  —  Rice  and  Gregory,  243a. 

Canaan  —  Dana,  37. 

Canterbury  —  Rice  and  Gregory,  243a. 

Collinsville  —  Rice  and  Gregory,  243a. 

Danbury  —  Rice  and  Gregory,  243a. 

East  ford  —  Rice  and  Gregory,  243a. 

Falls  Village —  Dana,  37. 

Glastonbury  —  Rice  and  Gregory,  243a;    Westgate,  295. 

Haddam  —  Rice  and  Gregory,  243a ;   Webster,  290. 

Hebron  —  Rice  and  Gregory,  243a. 

Litchfield  —  Brace,  9. 

Lyme  —  R4ce  and  Gregory,  243a.  \ 

Mamacoke  —  Rice  and  Gregory,  243a. 

M aromas  —  Rice  and  Gregory,  243a. 

Middletown  — r  Rice  and  Gregory,  243a. 

Monson  —  Rice  and  Gregory,  243a. 

New  London  —  Rice  and  Gregory,  243a.        ' 

New  London  and  Windham  counties  —  Mather,  211. 

porphyritic.  Prospect  —  Rice  and  Gregory,  243a. 

Putnam  —  Rice  and  Gregory,  243a. 

Sterling  —  Rice  and  Gregory,  243a. 

Stony  Creek  —  Rice  and  Gregory,  243a. 

Thomaston  —  Rice  and  Gregory,  243a. 

Washington  —  Emerson,  112. 

Waterbury  —  Rice  and  Gregory,  243a. 

Williniantic  —  Rice  and  Gregory,  243a. 

See  also  Granite-gneiss. 
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Gneiss  formation  —  Emerson,  112,  113;  Hitchcock,  138;  Pcrcival,  229. 
Goshen,  description  —  Silliman,  265. 

geology  —  Percival,  229;    Rice  and  Gregory,  243a. 

glacial  striae  —  Norton,  226. 

minerals  —  Brace,  9. 
Granby,  copper  —  Benjamin,  5;  Hitdhcock,  138. 

fossil  plants  —  Hitchcock,  136. 

geology  —  Percival,  22Q. 
Granite,  analysis.  Millstone  point.  Stony  Creek  —  Kemp,  177. 

Branchville  —  Brush  and  Dana,  11. 

comparative  strength  —  Winchell,  300. 

Connecticut  —  Hitchcock,  138;    Mather,  209. 

described — ^Merrill,  218. 

East  Haven  —  Hitchcock,  136. 

Greenwich  — Winchell,  300. 

Haddam  —  Webster,  290. 

Lcete  island — Newberry,  220. 

L)rme  —  Des  Cloiseaux,  102. 

Millstone  point  —  Kemp,  177;    Newberry,  220;    Winchell,  300. 

Mystic  river  —  Winchell,  300. 

New  London  —  Rice  and  Gregory,  243a;    Winchell,  300. 

New  London  and  Windham  cotnties  —  Mather,  211. 

Niantic  —  Newberry,  220. 

Norfolk  —  Dana,  69. 

Norwalk —t  Newberry,  220.  * 

Stony  Creek  —  Kemp,  \JT\    Newberry,  220;    Rice  and  Gregory, 
243a ;  Winchell,  300. 

Thomaston  —  Newberry,  220. 

Tolland  —  Webster,  290. 

Westerly  —  Kemp,  177;   Rice  and  Gregory,  243a. 

Winnepaug  —  Newberry,  220. 
Granite-gneiss  —  Rice  and  Gregory,  243a ;   Westgate,  295. 

Branford  —  Rice  and  Gregory,  243a. 

Bristol  —  Rice  and  Gregory,  243a. 

Canterbury  —  Rice  and  Gregory,  243a. 

Collinsville  —  Rice  and  Gregory,  243a. 

East  ford  —  Rice  and  Gregory,  243a. 

Glastonbury  —  Rice  and  Gregory,  243a. 

Haddam  —  Rice  and  Gregory,  243a. 

Lyme  —  Rice  and  Gregory,  243a. 

Maromas  —  Rice  and  Gregory,  243a ;  Westgate,  295. 

Monson  —  Rice  and  Gregory,  243a.  • 

New  London  —  Rice  and  Gregory,  243a. 

Sterling — Rice  and  Gregory,  243a. 

Stony  Creek  —  Rice  and  Gregory,  243a. 

Thomaston  —  Rice  and  Gregory,  243a. 
Granodiorite-gneiss  —  Rice  and  Gregory,  243a. 
Graphite,  with  essonite,  Barkhantsted  —  Emerson,  114. 

Salisbury  —  Lee,  185. 

Tolland  — Webster,  290. 
Great  bowlder  in  Woodbridge  —  Hubbard,  164. 
Great  quartz  vein  of  Lantern  hill —  Kemp,  176. 
Green  mountain  geology  —  Dana,  35. 
Greenstone,  Berlin — Percival,  228. 

Woodbury  —  Hitchcock,  137. 
Greenstone  formation  —  Hitchcoidc,  138. 

See  also  Triassic  trap 
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Greenwich,  geology  —  Percival,  229 ;  Rice  and  Gregory,  243a. 

granite  —  Winchcll,  300. 

limestone,  building  stone  —  Newberry,  220. 
Gregory,  H.  E.,  Geology  of  Connecticut  as  related  to  water  supply  — 
Gregory,  124a. 

Undergfround  waters  of  Connecticut  —  Gregory,  124. 

Well  and  spring  records  —  Gregory,  123. 
Gregoo'f  H.  R,  and  Rice,  W.  N.,  Manual  of  Connecticut  geology  — 

Rice  and  Gregory,  243a. 
Gregory,  H.  R,  and  Robinson,^  H.  H.,  Preliminary  geological  map  of 

Connecticut  —  Gregory  *and  Robinson,  .124c. 
Griswold,  geology — Percival,  229;    Rice  and  Gregory,  24ja. 
Griswold,  L.  S.  —  A  basic  dike  in  Connecticut  Triassic  —  Griswold,  125. 
Groton,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

quarries  —  Niles,  225. 

stratiform  structure  in  erupted  rock  —  Hunt,  169. 
Guilford,  geology — Percival,  229;    Rice  and  Gregory,  243a. 
Gurleyville,  pot-holes  —  Koons,  182. 

Gurlt,  A.,  Remarkable  deposit  of  wolfram  ore  in  the  United  States  — 
Gurlt,  126. 

H 

Haddam,  beryl  —  Silliman,  263. 

garnet  —  Webster,  290. 

geology — Percival,  229;   Rice  and  Gregory,  243a. 

gneiss  —  Webster,  290. 

minerals  —  Webster,  290. 
Haddam  granite-gneiss  —  Rice  and  Gregory,  243a. 
Haddam  Neck,  minerals  —  Bowman,  8. 
Hall,  J.,  Paleoiftology  of  New  York  — Hall,  127. 
Hamden,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
Hampton,  geology — Percival,  229;   Rice  and  Gregory,  243a. 
Hanging  Hills,  description  and  geology  —  Chapin,  14 ;   Davis,  98 ;   Rice 
and  Gregory,  243a. 

excursion  to  —  Dana,  30. 

map  — Dana,  518,  531. 
Hartford,  clays — "Loughlin,  190. 

clay- working  —  Ries,  245. 

Connecticut  river  measurements  —  Newell,  223. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

indurated  bitumen  in  trap  —  Dana,  44. 

magnetic  declination  —  Gannett,  121. 

map  —  Dana,  517;   Pippin,  538;   Rice,  582. 

trap  sheets  —  Davis,  98,  100 ;  Rice  and  Gregory,  243a. 
Hartford  sandy  loam  —  Dorsey,  106;  Flppin,  116. 
Hartland.    geology  —  Emerson,    112,    113;     Percival,   229;     Rice    and 

Gregory,  243a. 
Hartland  schist  —  Rice  and  Gregory,  243a. 
Harwinton,  geology  —  Percival,  229;  Rice  and  Gregory,  243a. 

minerals  —  Brace,  9. 
Hawes,  G.  W.,  Mineralogical  composition  of  the  normal  Mesozoic  dia- 
base—  Hawes,  130. 

Rocks  of  the  "  chloritic  formation  "  on  the  western  border  of  New 
Haven  —  Hawes,  129. 

Trap  rock  of  Connecticut  valley  —  Hawes,  128. 
Hayden,  Geological  essays  —  Silliman,  268. 
Hebron,  geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 
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magnetic  declination  —  Gannett,  121. 
Hebron  gneiss  —  Rice  and  Gregory,  243a. 
Hessonite,  Canaan  —  Hobbs,  153. 
Higby  mountain,  fossils  -^  Loper,  189. 

map —  Davis,  523,  529,  531. 

trap  sheets  —  Davis,  98,  100. 
High  terraces  of  the  rivers  of  eastern  Connecticut  —  Davis,  80;  Koons, 

181. 
Highland  lake,  trap  —  Davis,  100. 
Hitchcock,  C.  H.,  Geological   formations  of  Connecticut  —  Hitchcock, 

133. 
Geological  map  of  United  States — Hitchcock,  135,  500. 
North  America  in  the  ice  period  —  Hitchcock,  134. 
Relation  of  geology  of  New  Hampshire  to  Connecticut  —  Hitch- 
cock, 132. 
So-called  talcose  schist  of  Vermont  —  Hitchcock,  131. 
Hitchcock,  E.,  Attempt  to  discriminate  and  describe  the  animals  that 
made  the  fossil  foot-prints  of  the  United  States  —  Hitchcock, 
144. 
Bed  of  the  Connecticut  river  —  Hitchcock,  140. 
biography  — 148. 

Description  of  fossil  plants  from  New  Red  sandstone  —  Hitch- 
cock, 142. 
Ichnology  of  New  England  —  Hitchcock,  146,  147. 
Illustrations  of  surface  geology  —  Hitchcock,  145^ 
Miscellaneous  notices  of  mineral   localities   with   geological   re- 
marks—  Hitchcock,  137. 
Ornithichnology  —  Hitchcock,  139. 
Phenomena  of  drift  —  Hitchcock.  141. 
Report  on  the  geology  of  Massachusetts  —  Hitchcock,  138. 
Sketch    of  geology,   mineralogy,   and    scenery   of   regions    con- 
tiguous to  the  Connecticut  river  —  Hitchcock,  136. 
Trap  tuff  or  volcanic  gfrit  of  the  valley  of  the  Connecticut  river  — 
Hitchcock,  143. 
Hobbs,  W.  H.,  Action  of  ice  sheets  upon  slender  projecting  rock  masses 
—  Hobbs.  158. 
Differential  faults  —  Hobbs,  152. 

Geological  structure  of  Housatonic  valley  —  Hobbs,  151. 
Geological    structure   of    Mount    Washington,    Massachusetts  — 

Hobbs,  ISO. 
Lineaments  of  Atlantic  border  region  —  Hobbs,  161. 
Mineralogical  notes  —  Hobbs,  153. 
Newark  system  of  Pomperaug  valley  —  Hobbs,  155. 
Notes  on  some  pseudomorphs  from  Taconic  region  —  Hobbs,  149. 
Old  tungsten  mine  at  Trumbull  —  Hobbs,  156. 
River  system  of  Connecticut  —  Hobbs,  154. 
Still  rivers  of  western  Connecticut  —  Hobbs,  157. 
Tectonic  geology  of  southwestern  New  England  —  Hobbs,  160. 
Tungsten  mining,  Trumbull  —  Hobbs,  159. 
Holyoke  folio  —  Emerson,  112. 

map  —  Emerson,  535. 
Holyoke  stony  loam  —  Dorsey,  106. 
Hope  River,  former  ice  dam  —  Koons.  181. 
Hornblende,  Chester  —  Emerson,  112.  " 
Lane's  mine  —  Hitchcock,  137. 
Middletown  —  Merrill,  217. 
New  London  and  Windham  counties  —  Mather,  211. 
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Salisbury  —  Lee,  185. 

Trumbull  —  Hobbs,  156. 
Hornblende  slate  —  Hitchcock,  138. 

5"^^  also  Amphibolite. 
Hotchkissville  —  Hobbs,  556. 
Housatonic  river,  discharge  —  282. 

faults  —  Hobbs,  152. 

height  at  Gaylordsvillc  —  282. 

map  —  Crosby,  503;   Hobbs,  549. 

profile  —  282. 

proposed  dams  —  Crosby,  20. 

readjusted  stream — 'Kiimmel,  183. 

Still  river,  tributary  —  Hobbs,  157 ;    Rice  and  Gregory,  243a. 
Housatonic  valley,  geological  structure — 'Hobbs,  151. 

soil  suitable  for  tobacco  —  Killebrew,  178. 
Hovey,  R  O.,  Oservations  on  some  of  the  trap  ridges  of  East  Haven  — 
Hovey,  162. 

Relatively  acid  dike  in  the  Connecticut  Triassic  —  Hovey,   163. 
Hubbard,  O.  P.,  Great  bowlder  in  Woodbridge  —  Hubbard,  164. 
Hudson  river  age  of  Taconic  schists  —  Dana,  47. 
Hulbert,  E.  M.,  Copper  mining  in  Connecticut  —  Hulbert,  165. 
Humus  acid,  action  on  rocks  and  minerals  —  Julien,  175. 
Hunt,  T.  S.,  Geognosy  of  Appalachian  system  —  Hunt,  167,  168. 

Geology  of  Appalachians,  and  origin  of  crystalline  rocks  —  Hunt, 
168. 

Remarks  on  the  stratification  of  rock  masses — Hunt,  169. 

Review  of  progress  of  geology  for  1882  —  Hunt,  171. 

Some  crystalline  limestones  of  North  America  —  Hunt,  166. 

Special  report  on  trap  dikes  and  Azoic  rocks  of  southern  Penn- 
sylvania —  Hunt,  170. 
Huntington,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
Hydrocarbon  in  trap  —  Dana,  44;    Russell,  250. 


Ice  caves  and  frozen  wells,  as  meteorological  phenomena  —  Kimball, 

179. 

at  Meriden  and  Northford  —  Silliman,  269. 

at  Salisbury  —  Silliman,  270. 
Ice  dams,  rivers  of  eastern  Connecticut  —  Koons,  181. 
Iceberg  theory  of  drift  —  Dana,  54;  Dobson,  105;  Ferry,  231. 
Ichnographs  from  sandstone  of  Connecticut  valley  —  Deane,  loi. 
Ichnology  of  New  England  —  Hitchcock,  146. 
Igneous  origin  of  some  trap  rock — -Silliman,  272. 
Illustrations  of  surface  geology  —  Hitchcock,  145. 
Ilmenite,  Trumbull  —  Hobbs,  156. 
Indurated  bitumen,  discussion  of  origin  and  description  —  Dana,  44; 

Percival,  229;    Russell,  250. 
Intrusive  and  extrusive  Triassic  trap  sheets  —  Davis,  98,  100;   Rice  and 

Gregory,  243a. 
Iron,  eastern  New  York  and  western  New  England  —  Eckel,  108. 

in  mica  slate  —  Hitchcock,  137. 

magnetic.  New  Haven  —  Dana,  69;  Silliman,  262. 

production  —  282. 
Iron  mines  —  Dana,  75;    Hitchcock,  137,  138;    Putnam,  235;    Pynchon, 

238. 
Iron  ores,  classification  and  distribution  —  Smock,  280. 

Norfolk  —  Dana,  69. 
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Salisbury  —  Dewey,  IQ3;   Eckel,  108;    Hitchcock,  137,  138;    Lee, 
185 


Jackson,  C.  T.,  Observations  on  the  age  of  the  sandstone  of  the  United 
States  —  Jackson,  173. 

Jasper,  Salisbury  —  Lee,  185. 
cwett  Gty,  gneiss  —  Webster,  290. 
Johnston,  J.,  Notice  of  sonM  spontaneous  movements  in  quarries,  at 

Portland  —  Johnston,  174, 
Julien,  A.  A.,  Geological  action  of  humus  acids  —  Julien,  175. 

Jurassic  period  —  Dana,  25. 
ura-Trias,  origin  —  Dana,  55. 

trap  in  New  Haven  region  —  Dana,  74. 
See  also  Triassic 


Kames,    Connecticut    valley  —  Dana,    51;     Rice    and    Gregory,    243a; 
Upham,  283. 
Woodstock  pond  —  Eggleston,  109. 
•  Kaolin,  analysis,  West  Cornwall  —  Loughlin,  190;    Ries,  245. 
Canaan  —  Dana,  63 ;   Loughlin,  190. 
formation  —  Dana,  63. 
Sharon  —  Dana,  63. 
Kemp,  J.   R,  Granite  of  southern  Rhode  Island  and   Connecticut - 
Kemp,  177. 
Great  quartz  vein  of  Lantern  hill  —  Kemp,  176. 
Kent,  description  —  Silliman,  265. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
mines  —  Putnam,  235.  ' 

Keratophyre,  analysis  —  Hovey,  163. 
Kettle-holes,  New  Haven  — Dana,  58,  71. 
Woodstock  pond  —  Eggleston,  109. 
Killebrew,  J.  B.,  Report  on  culture  and  curing  of  tobacco  in  the  United 

States  — Killebrew,  178. 
Killingly,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
Killingworth,  geology  —  Percival.  229;  Rice  and  Gregory,  243a. 
Kimball,  H.  H.,  Ice  caves  and  frozen  wells  as  meteorological  phenomena 

—  Kimball,  179. 
Knowlton.  F.  H.,  Report  on  fossil  wood  from  the  Newark  formation 

of  South  Britain  —  Knowlton,  180. 
Koons,  B.   R,  High  terraces  of  the  rivers  of  eastern   Connecticut  — 
Davis,  80;    Koons,  181. 
Pot-holes  on  edge  of  bluffs  at  Gurleyville  —  Koons.  182. 
Kummel,  H.  B.,  Some  rivers  of  Connecticut  —  Kiimmel.  183. 


Lake  Wauramaug,  sewage  conditions  —  Rafter.  240. 

Lakes,  Connecticut  —  Gregory,  124a;    Rice  and  Gregory,  243a. 

Lakeville,  mines  —  Putnam,  235. 

synclinal  of  Taconic  range  —  Dana,  59. 
Lamentation    mountain,    ash    bed  —  Chapin,    15;    Davis,    87,    95,    98; 
Emerson,  11 1;  Rice  and  Gregory,  243a. 

map  —  Davis,  523.  526.  529,  53' :    Rice,  582a. 

trap  sheets  —  Davis,  98,  100;   Rice  and  Gregory,  243a. 
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La  Methcric,  J.  C.  dc,  Silliman's  geological  observations  —  La  Metheric,  • 

184. 
Lane's  mine,  products  —  Hitchcock,  137. 
Lantern  hill,  quartz  —  Kemp,  176;  Rice  and  ^regory,  243a. 
Lavas  of  Connecticut  —  Pynchon,  236. 
Lead  mines,  Berlin  —  Percival,  228. 

Lebanon,  geology  —  Percival,  229 ;  Rice  and  Gregory,  243a. 
Ledyard,  geology — Percival,  229;  Rice  and  Gregory,  243a. 
Lee,  C.  A.,  Moving  rocks  of  Sadisbury  —  Lee,  186. 

Sketch  of  geology  and  jnineralogy  of  Salisbury  —  Lee,  185. 
Leete  Island,  granite  —  Newberry,  220;   Rice  and  Gregory,  243a. 
Lenox,  wedging  action  of  intruding  material  —  Dana,  66. 
Lepidolite,  Haddam  Neck — Bowman,  8. 
Lime,  Berlin  —  Percival,  228. 

Salisbury  —  Lee,  185. 
Limestone,  action  of  humus  acids  —  Julien,  175. 

age  of  Connecticut  belts  —  Dana,  47. 

Archaean,  at  Norfolk  —  Dana,  69. 

building  stone  at  Greenwich  — ^  Newberry,  220. 

Canaan  —  Dana,  37;    Rice  and  Gregory,  243a;    Ries,  244. 

conditions  of  accumulation  —  Davis,  83. 

description  —  Dana,  43;   Dewey,  103;   Hunt,  166;   Merrill,  218. 

Falls  Village  —  Dana,  37. 

Housatonic  valley  —  Hobbs,  151;  Rice  and  Gregory,  243a. 

hydraulic  —  Lowrey,  191. 

New  London  and  Windham  counties  —  Mather,  211. 

northwestern  Connecticut  —  Dana,  61. 

production  —  282. 

quarries  at  Canaan  —  Ries,  244. 

Salisbury  —  Dana,  59;   Lee,  185;   Rice  and  Gregory,  243a. 

Stockbridge  —  Dana,  75;  Rice  and  Gregory,  243a. 

Trumbull  —  Hobbs,  156. 

western  Connecticut  —  Dana,  49;    Hunt,  170;    Rice  and  Gregory, 
243a. 
Limestone  formation  —  Hitchcock,  138. 
Limonite,  mines  —  Putnam,  235. 

Trumbull  —  Hobbs,  156. 
Lindsley,  H.  W.,  Building  stones  and  the  quarry  industry  —  Lindslcy, 

187. 
Lineaments  of  the  Atlantic  border  region  —  Hobbs,  161. 
Lisbon,  geology  —  Percival,  229. 
Litchfield,  chalybeate  springs  —  Pierce,  233. 

geology — Percival,  229;   Rice  and  Gregory,  243a. 

igneous  rocks  —  Rice  and  Gregory,  243a. 

map  —  Bradley,  501. 

minerals  —  Brace,  9. 

schists  and  gneisses  —  Hunt,  167. 

sewage  conditions  —  Rafter,  240. 
Litchfield  county,  tour  in — Silliman,  265. 
Lithiophilitc,  Branchville  —  Brush  and  Dana,  11. 

production  —  282. 
Little  Falls,  fossil  fish  —  Davis,  'jt. 
Little  pond,  map  —  Petros,  579. 

moving  bowlders  —  Lee,  186;    Petros.  232. 
Long  Hill,  map —  Hobbs,  561. 

tungsten  mine  —  Gurlt.  126;  Hobbs,  156.  159. 
Loomis,  L  F.,  The  town  of  Chatham  —  Loomis,  188. 
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Loper,  S.  W.,  Fossils  of  anterior  and  posterior  shales  —  Loper,  189. 

Lost  volcanoes  of  Connecticut  —  Davis,  95. 

Loughlin,  G.  R,  Qays  and  clay  industries  of  Connecticut  —  Loughlin, 

190.  # 

Lowrey,  T.,  Water  cement  of  Southington  —  Lowrey,  191. 
Lull,  R.  S.,  Fossil  foot-prints  of  the  Jura-Trias  of  North  America  — 
Lull,  192. 

Fossils  from  Connecticut  valley  Triassic  —  Lull,  193. 
Lyell,  C,  Fossil  foot-prints  of  birds  and  impressions  of  raindrops  in 

the  valley  of  the  Connecticut  —  Lyell,  194. 
Lyman,  B.  S.,  Some  New  Red  horizons  —  Lyman,  195. 
Lyme,  geology — Percival,  229;  Rice  and  Gregory,  243a. 

granite  —  Newberry,  220. 

red  feldspar  —  Des  Qoiseaux,  102. 
Lyme  granite-gneiss  —  Rice  and  Gregory,  243a. 


Maclure,   W.,   Observations  on   the   geology  of  the   United   States  — 

Maclure,  196,  197,  571,  572. 
Madison,  geology — Percival,  229. 
Magnesium,  Salisbury  —  Lee,  185. 

Magnetic  declination  in  the  United  States  —  Gannett,  121. 
Magnetite  vein  east  of, Norfolk  —  Dana,  69. 
Maltby  pond  —  Dana,  71. 
Mamacoke  gneiss  —  Rice  and  Gregory,  243a. 
Manchester,  copper  mine  —  Valcherville,  285. 

dinosaur  —  Marsh,  202,  203,  205,  206. 

geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
Manchester  sandy  loam  —  Fippin,  1 16. 
Manganese,  Salisbury  —  Lee,  185. 

Mansfield,  geology  -—  Percival,  229 ;   Rice  and  Gregory,  243a, 
Manual  of  geology  —  Dana,  75. 

Manual  of  geology  of  Connecticut  —  Rice  and  Gregory,  243a. 
Maps,  Aramamit  river  —  Davis,  531. 

Beckley  station  —  Davis,  518. 

Berlin  —  Percival,  577. 

Bethel  —  Hobbs,  560. 

bowlders  —  Hitchcock,  546. 

Canaan — Pynchon,  581. 

Centerville  —  Dana,  513. 

Chauncy  peak  —  Davis,  523 ;  Davis  and  Loper,  529 ;  Davis  and 
Whittle,  531. 

clay  deposits  —  Loughlin,  568. 

Colebrook  —  Emerson,  537. 

Connecticut  —  Chapin,  502;  Davis,  522,  524,  525;  Dewey,  532; 
Gregory,  539;  Gregory  and  Robinson,  539a;  Jlitchcock,  542; 
Hobbs,  558,  564;  McGee,  570;  Maclure,  572;  Merrill,  576; 
Percival,  577,  578;   Rice  and  Gregory,  582a;  U.  S.  Geol.  Surv., 

586,587. 

Connecticut  valley  —  Dana,  506,  510,  517;  Davis,  526;  Dorsey  and 
Bonsteel,  533;  Fippin,  538;  Hitchcock,  544,  545,  547;  Lough- 
lin, 568;   Russell,  583;   Smith,  584. 

Cornwall  —  Pynchon,  581. 

Danbury  —  Hobbs,  560. 

drainage  —  Davis,  526 ;  Hobbs,  558,  564. 

East  Berlin  —  Rice  and  Gregory,  582a. 

East  Haven  —  Hovey,  565. 
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East  hill  — Hobbs,  556. 

East  Rock  —  Dana,  516,  517. 

eastern  United   States  —  Bradley,  501 ;    Logan   and   Ha 

Maclure,  572. 
Farmington  —  Davis,  531. 
Farmington  river  —  Rice  and  Gregory,  582a. 
glacial  deposits  —  Loughlin,  568. 

glacial  striae  —  Hitchcock,  546;   Rice  and  Gregory,  582a. 
Hanging  Hills  —  Davis,  518,  531. 
Hertford— Rice,  582. 
Higby  mountain  —  Davis,  523 ;   Davis  and  Loper,  529 ;   Dj 

Whittle,  531.    . 
Holyoke  folio  —  Emerson,  535. 
Hotchkissville  —  Hobbs,  556. 
Housatonic  valley  —  Crosby,  503 ;    Hobbs,  549. 
Lamentation  mountain  —  Davis,  523,  526 ;    Davis  and  Lop 

Davis  and  Whittle,  531. 
Little  pond  —  Petros,  579. 
Long  hill  —  Hobbs,  561. 
M aromas  —  Westgate,  589. 
Meriden  —  Davis,  521,  523;    Davis  and  Loper,  529;    Da 

Whittle,  531 ;   Rice,  582. 
Middletown  —  Rice,  582 ;   Westgate,  589. 
Mill  river  —  Davis,  526. 
Mill  Rock  — Dana,  516. 
mines — Putnam,  580;    Pynchon,  581. 
Mitchell's  spring  —  Hobbs,  556. 
Mount  Carmel  —  Dana,  504,  505,  512. 
Newark  system.    See  Triassic. 
New  Haven  — Dana,  504,  505,  510,  512,  513,  516. 
New  London  county  —  Mather,  575. 
New  Milford  —  Hobbs,  560. 
Norfolk  —  Emerson,  536,  537. 
North  Canaan  —  Emerson,  537. 
Northeast  pond  —  Petros;  579. 
Notch  mountain  —  Davis  and  Whittle,  531. 
Oliver  Mitchell  brook  —  Hobbs,  556. 
Paug  mountain  —  Davis,  520. 

Pomperaug  valley  —  Hobbs,  550,  554,  555,  556,  557,  563. 
Pine  Rock  —  Dana,  516. 

Pond  Rock  —  Davis  and  Whittle,  531 ;  Hovey,  565. 
Quinnipiac  river  —  Davis,  526. 
Red  spring  —  Hobbs,  556. 
Robertsville  —  Hobbs,  550. 
Salisbury  —  Dana,    509,    514;     Hobbs,    548,    549;     Petro 

Pynchon,  581. 
Saltonstall  mountain  —  Davis  and  Whittle,  531 ;   Hovey,  « 
Sharon  —  Pynchon,  581. 
Shepaug  river  —  Hobbs,  556. 
Short  mountain  —  Davis,  523. 
Shuttle  meadow  —  Davis,  523. 
South  Britain  —  Hobbs,  552,  556. 
South  Glastonbury  —  Davis,  siS. 
South  Manchester  —  Davis,  526. 
Southbury — Hobbs,  556. 
Still  river  — Hobbs,  559,  560. 
Taconic  area  —  Dana,  511,  514,  515;    Walcott,  588. 
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Tenmile  river —  Crosby,  503. 

topographical  atlas  «f  Connecticut  —  586,  587. 

Torrington  —  Hobbs,  559. 

Totoket  mountain  —  Davis,  520;  Davis  and  Whittle,  531 ;   Hovcy, 

565. 
Triassic  —  Dana,   517;    Davis,   519,   525,   526,   527;    Davis   and 
Whittle,  530;  Hitchcock,  544;  Hobbs,  551;  Lyman,  569;  Rice, 
582;  Rice  and  Gregory,  s&za. 
Tungsten  mine  —  Hobbs,  siSi,  562. 

United    States  —  Blake    and    Hitchcock,    500;     Bradley,    §01; 
Hitchcock,  542,  546;  Logan  and  Hall,  566;    McGee,  570;  Ma- 
clure,  571,  572;   Marcou,  573;  U.  S.  Geol.  Surv.,  585. 
Vineyard  gap  —  Davis,  K26. 
West  Rock —  Dana,  516. 
western   Connecticut  —  Dana,  507,  508,  509,  511;    Hobbs,  548; 

Martin.  574;    Merrill,  576;    P>^chon,  581;    Walcott,  588. 
Windham  county  —  Mather,  575. 
Winsted  — Hobbs,  559. 
Wintergreen  notch  —  Dana,  516. 
Woodbury— Davis,  52a;  Hobbs,  553,  554,  555,  556. 
Woodstodc  pond  —  Eggleston,  534. 
Marble,  Canaan  —  Newberry,  220. 

described — Dana,  75;   Merrill,  218;   Rice  and  Gregory,  243a. 

production  —  282. 

serpentine  and  verd-antique  —  Lindsley,  187;  Rice  and  Gregory, 

243a. 
Stockbridge  —  Dana,  75. 
Marcasite,  Trumbull  —  Hobbs,  156. 

Marcou,  J.,  Geological  map  of  the  United  States  —  Marcou,  198. 
Geology  of  North  America  —  Marcou,  200. 

Resume    explicatif    d'une    carte    geologique    des      tats-Unis  — 
Marcou,  199. 
Margarodite,  Trumbull  —  Hobbs,  156. 

Markham,  F.  G.,  Volcanic  and  seismic  disturbances  in  southern  Con- 
necticut—  Markham,  201. 
Marl,  discussion — Perry,  231. 

Marlborough,  geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 
Maromas  granite-gneiss — Rice  and  Gregory,  243a;    Westgate,  295. 
Marsh,  O.  C,  biography  —  208. 

Dinosaurs  of  North  America  —  Marsh,  206. 
New  belodont  reptile  —  Marsh,  207. 
Notes  on  Triassic  dinosauria  —  Marsh,  202. 
Notice  of  new  American  dinosauria  —  Marsh,  202. 
Notice  of  new  vertebrate  fossils —  Marsh,  203. 
Restoration  of  Anchisaurus  —  MaFsh,  205. 
Mastodon,  geological  position  —  Warren,  289. 
Mather,  W.  W.,  biography  —  214. 

Fossil  fishes  in  Connecticut  sandstone  —  Mather,  212. 
Geological    map    of    New    London    and    Windham    counties  — 

Mather,  210. 
Geology  and  mineralogy  of  New  London  and  Windham  counties 

—  Mather,  211. 
Geology  of  New  York  —  Mather,  213. 
Section  from  Killingly  to  Haddam  —  Mather,  209. 
Matthew,  W.  D.,  Monazite  and  orthoclase  from  South  Lyme  —  Mat- 
thew, 215. 
Meriden,  ash  bed  —  Davis,  87;   Emerson,  iii;   Rice  and  Gregory,  243a. 
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excursion  to  Hanging  Hills  —  Dana,  30. 

faults  in  Triassic  formation  —  Davis,  S3,  98. 

geology — Chapin,  14,  15;  Percival,  229;  Rice  and  Gregory,  243a. 

Hanging  Hills  —  Chapin,  14. 

ice  caves  —  Kimball,  179;    Silliman,  269. 

Lamentation  mountain  —  Chapin,  15. 

lavas  of  Connecticut  —  Pynchon,  236. 

maps  — Chapin,  502;   Davis,  521,  522,  523,  529,  531;    Pippin,  538; 
Rice,  582. 

overflow  of  glacial  flood  —  Dana,  41. 

quarries  in  lava  bed  —  Davis,  97,  98. 

sewage  conditions  —  Rafter,  240. 

structure  of  fillings  of  fissures  in  trap  — Davis,  90. 

trap  sheets  —  Davis,  98,  100. 

Triassic  formation  —  Davis,  82,  93,  98,  100;    Rice  and  Gregory, 
243a. 

volcanic  action  —  Markham,  201. 
Merrill,  G.   P.,  Collection  of  building  and  ornamental  stones  in  the 
United  States  National  Museum  —  Merrill,  218. 

Report  on  building  stones  of  the  United  States  —  Merrill,  217. 
Metamorphic  rocks,  bedding  —  Dana,  62. 
Metamorphism,  comparison  of  New  England  and  India  —  Dana,  67. 

contact — Chapin,  13. 

process  —  Rice  and  Gregory,  243a. 
Meteorite,  Weston  —  Gibb,  122;   Silliman,  261. 
Mica,  Canaan  —  Dana,  37. 

Falls  Village  —  bana,  37,  40. 

production  —  282. 

Salisbury  —  Lee,  185. 

Trumbull  —  Hobbs,  156. 
Mica  schist  —  Rice  and  Gregory,  243a. 
Mica  slate,  description  —  Dewey,  103. 

New  London  and  Windham  counties  —  Mather,  211. 

Salisbury — -Lee,  185. 
Mica  slate  formation  —  Hitchcock,  138. 
Micaceous  gneiss,  Groton  —  Hunt,  169. 
Microlite,  Haddam  Neck  —  Bowman,  8. 
Microscopic  sections  of  traps  —  Frazer,  117. 
Middlebury,  geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
Middlefield,  foot-prints  —  Hitchcock,  146. 

trap  sheets  —  Davis,  98,  100. 
Middletown,  clay-working  —  Loughlin,  190;  Ries,  245. 

coal  —  Hitchcock,  136. 

cobalt  —  Maclure,    196. 

foot-prints  —  Hitchcock,  144,  146. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

hornblende-biotite  gneiss  —  Merrill,  217. 

magnetic  declination  —  Gannett,  121. 

maps  —  Rice,  582;   Westgate,  589. 
Middletown  gneiss  —  Rice  and  Gregory,  243a. 
Milford,  chlorite  slate  —  Hitchcock,  136. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

magnetic  declination  —  Gannett,  121. , 
Milford  chlorite  schist  —  Rice  and  Gregory,  243a. 
Mill  river,  ancient  —  Rice  and  Gregory,  243a. 

discharge  of  Connecticut  —  Dana,  56. 

map  —  Davis,  526. 


Digitized  by  VjOOQIC 


no  CONNECTICUT    GEOL.    AND    NAT.    HIST.    SURVEY.     «[Bull. 

Mill  Rock,  described  —  Dana,  72. 

garnet  —  Dana,  22. 

glacial  phenomena  —  Blake,  7. 

map  —  Dana,  516. 
Milldale,  clays  —  Loughlin,  19a 
Miller,  S.  A.,  North  American  Mesozoic  and  Cenozoic  geology  —  Miller, 

219. 
Millstone    point,    granite  —  Kemp,    177;     Newberry,    220;     Rice    and 

Gregory,  243a;  Winchcll,  300. 
Mineral  resources  of  Connecticut  —  Shepard,  258;   Silliman,  263;   U.  S. 

Geol.  Surv.,  282. 
Mineral  waters,  production  —  282. 
Mineralogical  and  geological  observations  on  New  Haven  and  vicinity 

—  Silliman,  262,  264. 
Mineralogical  composition  of  the  normal  Mesozoic  diabase  —  Hawes, 

130. 
Mineralogy,  miscellaneous  observations  —  Brongniart,  10. 

notes  —  Hobbs,  153. 

Salisbury  —  Lee,  185. 
Minerals,  Branchville  —  Brush  and  Dana,  11. 

Haddam  —  Bowman,  8 ;   Webster,  290. 

list  of  in  Connecticut  —  Cochrane,  17. 

localities  —  Hitchcock,  137. 

See  also  names  of  inditndual  minerals. 
Mines,  Bristol  —  Benjamin,  5;    Valcherville,  285;    Hulbert,  165;  Whit- 
ney and  Silliman,  297. 

cobalt  —  Loomis,  188. 

copper  —  Hulbert,  165;  Whitney  and  Silliman,  297. 

iron  —  Eckel,  108;    Pynchon,  238. 

map  —  Putnam,  580;    Pynchon,  581. 

Salisbury — Eckel,  108;  Pynchon,  238;  Shepard,  257. 
Mitchell's  spring  —  Hobbs,  556. 
Molybdena,  Pettipaug  and  Saybrook  —  Silliman,  263. 
Monazite,  Lyme  —  Matthew,  215. 
Monroe,  geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 

Lane's  mine  —  Hitchcock,  137. 
Monson  granite-gneiss  —  Rice  and  Gregory,  243a. 
Montville,  bowlders  —  Wells,  294. 

geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 
Mount  Carmel.  maps  —  Dana,  504,  505,  512. 

volcanic  neck  —  Davis,  95. 
Mount  Prospect,  igneous  rock  —  Rice  and  Gregory,  243a. 

spring  —  Pierce,  233. 
Mountains,  formation  —  Hall,  127. 
Moving  rocks  of  Salisbury  —  Lee,  186 ;   Petros,  232. 
Muscovite,  Haddam  Neck  —  Bowman,  8. 
Mystic,  granite  —  Winchell,  300. 

N 

Natchaug  river,  former  ice  dams  —  Koons,  181. 

New  and  remarkable  *  mineral  locality.  Branchville — Brush  and  Dana, 

II. 
New  Britain,  indurated  bitumen  —  Dana,  44. 

trap  sheets  —  Davis.  98.  100;  Rice  and  Gregory,  243a. 
New  Canaan,  geology  —  Percival.  229 ;    Rice  and  Gregory,  243a. 
New  Fairfield,  geology —  Percival,  229;   Rice  and  Gregory,  243a. 

map  —  Dana,  507. 
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New  Hartford,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
New  Haven,  Allegheny  system  —  Marcou,  198. 

clay- working  —  Loughlin,  190,  Ries,  245. 

discharge  of  flooded  G>nnecticut  —  Dana,  56. 

fossil  fishes  —  Mather,  212. 

fossils  —  Marsh,  207. 

Four  Rocks  —  Dana,  71. 

garnet  with  trap  —  Dana,  22. 

geology   of   region  —  Dana,   29,   38;     Percival,   229;     Rice   and 
Gregory,  243a ;  Silliman,  265. 

magnetic  declination — Gannett,  121. 

maps  — Dana.  504»  505,  5io,  512,  513,  5i6,  517. 

mica  slate  —  Dana,  37. 

mineralogical   and  geological   observations  —  La   Metherie,    184; 
Silliman,  262. 

mineralogy — Silliman,  260,  264. 

origin  of  deposits  —  Dana,  58. 

Quaternary  —  Dana,  31. 

rocks  of  chloritic  formation  —  Hawes,  129. 

serpentine  —  Brongniart,  10. 

Stegomus  arcuatus  —  Marsh,  207. 

till  ridge  —  Dana,  64. 

trap  — Dana,  21.  36,  74;    Davis,  98,  100;   Porter,  234. 

Triassic  formation  —  Davis,  82,  98;    Rice  and  Gregory,  243a. 

volcanic  activity  —  Markham,  201. 
New  Haven  county,  tour  in  —  Silliman,  265. 
New  Jersey,  report  —  Dana,  55. 

New  London,  geology  —  Mather,  211 ;  Percival,  229;  Rice  and  Gregory, 
243a. 

granite  —  Winchell,  300. 
New  London  county,  geology — Mather,  211. 

map  —  Mather,  210. 
New  London  granite-gneiss  —  Rice  and  Gregory,  243a. 
New  Milford,  description  —  Silliman,  265. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

map  —  Hobbs,  560. 

minerals — Brace,  9. 

steel  ore  mines  —  Shepard,  257. 
New  Preston,  description  —  Silliman,  265. 
Newark  system  —  Russell,  253. 

maps  —  Hobbs,  551;   Russell,  583. 

Pomperaug  valley  —  Hobbs,  155. 

See  also  Triassic. 
Newberry,  J.  S.,  Fossil  fishes  and  fossil  plants  of  Triassic  rocks  of  New 
Jersey  and  the  Connecticut  valley — Newberry,  221. 

Limestone  of  Greenwich  —  Newberry,  220. 
Newell,  F.  H.,  Connecticut  river — Newell,  223,  224. 
Newtown,  geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
Niantic,  granite  —  Newberry,  220. 
Niles,  W.  H.,  Geological  agency  of  lateral  pressure  exhibited  by  certain 

rock  movements  —  Niles,  225. 
Norfolk,  Archaean  limestone  and  other  rocks  —  Dana,  69. 

geology  —  Emerson.  113:    Percival,  22Q;   Rice  and  Gregory,  243a. 

glacial  scratches — Cornish,  19. 

map  —  Emerson,  536,  537. 

pseudomorphs — Hobbs,  149- 
Norfolk  sandy  loam — Fippin,  116. 
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North  America  in  the  ice  period  —  Hitchcock,  134. 

North  American  Mes6zoic  and  Cenozoic  geology  and  paleontology  — 

Miller,  219. 
North  Branford,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
North  Canaan,  geology — Emerson,  113. 

map  —  Emerson,  537. 
North  Guilford,  fossils  —  Loper,  189. 
North  Haven,  excursion  —  Dana,  71. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
North  Stonington,  geology — Percival,  229;    Rice  and  Gregory,  243a. 
Northeast  pond,  map  —  Petros,  579. 

movmg  rocks  —  Lee,  186;   Petros,  232. 
Northford,  ice  caves  —  Kimball,  179 ;    Silliman,  269. 
Norton,  H.,  Glacier  scratches  in  Goshen  —  Norton,  226. 
Norwalk,  geology — Percival,  229;    Rice  and  Gregory,  243a. 

granite  —  Newberry,  220. 

magnetic  declination  —  Gannett,  121. 
Norwich,  bowlders  —  Wells,  293. 

geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
Notch  mountain,  map — Davis,  531. 

trap  — Davis,  98,  100. 


Oliver  Mitchell  brook,  map  —  Hobbs,  556. 

Orange,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

Orange  phyllite  —  Rice  and  Gregory,  243a. 

Ore  hill,  mines  —  Eckel,  106;  Putnam,  235. 

Origin  of  grand  outline  features  of  the  earth  —  Dana,  24. 

Origin  of  stratification  —  Wells,  292. 

Omithichnology  —  Hitchcock,  139,  146. 

Outline  of  the  geology  of  England  and  Wales  —  302. 

Oxford,  geology — Percival,  229;    Rice  and  Gregory,  243a. 


Paleontology  of  New  York  — Hall,  127. 

Palisade  ranges,  Triassic  sandstone  —  Dana,  34. 

Paug  mountain,  map  —  Davis,  520. 

Peat,  discussion  —  Perry,  231. 

Peet,  C.  R,  Glacial  and  post-Glacial  history  —  Peet,  227. 

Pegfmatite,  Canaan  —  Hobbs,  153. 

description  —  Rice  and  Gregory,  243a. 
Peneplain,  Cretaceous  —  Davis,  94,  98. 
Percival,  J.  G.,  biography  —  230. 

map  of  the  trap  belt  of  central  Connecticut  —  Dana,  73. 

Notice  of  locality  of  sulphate  of  barytes  —  Percival,  228. 

Report  on  the  geology  of  the  State  of  Connecticut  —  Percival, 
229. 

survey,  history  of  —  Gregory,  124c. 
Perry,  J.  B.,  Hints  toward  the  post-Tertiary  history  of  New  England  — 

Perry,  231. 
Petroleum,  Salisbury  —  Lee,  185. 
Petros,  Moving  rocks  of  Salisbury  —  Petros,  232 
Pettipaug,  molybdena  —  Silliman,  263. 
Phyllite,  Orange  —  Rice  and  Gregory,  243a. 

Pomf ret  —  Rice  and  Gregory,  243a. 
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Physical  geogfraphy,  Connecticut  —  Rice,  243;  Rice  and  Gregory,  243a. 

Connecticut  lowland  —  Burr,  12. 

southern  New  England  —  Davis,  91,  96. 
Physical  history  of  Triassic  formation  in  New  Jersey  and  Connecticut 

valley  —  Russell,  249. 
Pierce,  J.,  Chalybeate  spring  at  Litchfield  —  Pierce,  233. 
Pig-iron,  production  —  282. 
Pine  Rock,  description  —  Dana,  72;    Davis,  98. 

map — Dana,  516. 
Pitchstone  —  Emerson,  11 1. 

Plainfield,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
Plainiield  quartz  schist  —  Rice  and  Gregory,  243a. 
Plants,  fossil  —  Loper,  189;   Newberry,  221. 
Plumbago,  Cornwall  —  Silliman,  263. 

Plymouth,  geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 
Podunk  sandy  loam  —  Dorsey,  106;   Pippin,  116. 
Pomfret,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

magnetic  declination  —  Gannett,  121. 
Pomfret  phyllite  —  Rice  and  Gregory,  243a. 
Pomperaug  valley,  faulted  area  of  Newaiic  rocks  —  Hobbs,  154. 

fossil  plants  —  Knowlton,  180. 

glacier  action  —  Hobbs,  158. 

key  areas  —  Hobbs,  160. 

maps  — Hobbs,  550,  554,  555,  556,  557,  563. 

Newark  system  —  Hobbs,  155. 

structure  —  Davis,  83,  98;  Hobbs,  155. 
Pond  Rock  —  Hovey,  565. 
Porcelain  clay,  Somers  —  Hitchcock,  138. 

Porter,  T.  D.,  Floetz  trap  formation  in  Connecticut  —  Porter,  234. 
Portland,  foot-prints  —  Hitchcock,  144,  146. 

geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

quarries  —  Lindsley,  187;  Johnston,  174. 

sandstone  —  Johnston,  174;  Merrill,  217;  Rice  and  Gregory,  243a. 

spontaneous  movements  of  sandstone  —  Johnston,  174. 
Post-Tertiary  history  of  New  England  —  Perry,  231. 
Pot-holes,  Gurleyville  —  Koons,  182. 
Pottery  manufacture  —  Loughlin,  190. 
Poughquag  quartzite  —  Rice  and  Gregory,  243a. 
Prehnite,  Woodbury  —  Hitchcock,  137. 
Preston,  geology  —  Percival,  229;   Rice  and  Gregory,  243a. 
Preston  gabbro-diorite  —  Rice  and  Gregory,  243a. 
Primary  system  —  Percival,  229. 
Profiles,  rivers  —  282. 
Progress  of  geology  for  1882  —  Hunt,  171. 
Prospect,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
Prospect  porphyritic  gneiss  —  Rice  and  Gregory,  243a. 
Pscudomorphs,  northwestern  Connecticut  —  Hobbs,  149. 

Taconic  region  —  Hobbs,  149. 
Putnam,  magnetic  declination  —  Gannett,  121. 
Putnam,  B.  T.,  Iron  ore  collected  in  Connecticut  —  Putnam,  235. 
Putnam  gneiss  —  Rice  and  Gregory,  243a. 
Pynchon,  W.  H.  G.,  Ancient  lavas  of  Connecticut  —  Pynchon,  236. 

Common  evidences  of  glacial  action  in  Connecticut  —  Pynchon, 

Drilled  wells  of  Triassic  area  —  Pynchon,  239. 
Iron  mining  in  Connecticut  —  Pynchon,  238. 
Pyrite,  crystals  in  meteorite  —  Gibb,  122. 
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Pyritc  mines,  Berlin  —  Percival,  228. 

Trumbull  —  Hobbs,  156. 
Pyroxene,  Trumbull  —  Hobbs,  156. 


Quarries,  between  New  Haven  and  New  London  —  Kemp,  177 ;  Mather, 
211. 

Connecticut  —  Lindsley,  187;   Merrill,  218. 

lava  beds,  Mcriden  —  Davis,  97. 
Quartz,  Berlin  —  Percival,  228. 

Falls  Village —Dana,  yj. 

description  —  Dewey,  103;   Hitchcock,  137. 

formation  —  Dana,  63. 

granular  —  Mather,  209,  211. 

Haddam  Neck  —  Bowman,  8. 

Lane's  mine  —  Hitchcock,  137. 

Lantern  hill  —  Kemp,  lyd. 

production  —  282. 

rose,  Salisbury  —  Lee,  185 ;    Southbury  —  Silliman,  263 ;    Trum- 
bull—Hobbs,  156. 
Quartz  schist,  Plainficld,  Woodstock  —  Rice  and  Gregory,  243a. 
Quartzite,  associated  rocks  —  Dana,  37. 

Canaan  — Dana,  35,  37;    Walcott,  286,  288. 

decay  —  Dana,  63. 

Poughquag  —  Rice  and  Gregory,  243a. 
Quaternary  or  post-Tertiary  of  New  Haven  region  —  Dana,  31. 
Quinnipiac  river,  clays  —  Loughlin,  190. 

discharge  of  Connecticut  river  —  Dana,  56. 

discovery  of  reindeer  bones  —  Dana,  41. 

former  course  —  Kiimmel,  183 ;   Rice  and  Gregory,  243a. 

map  —  Davis,  526. 


Rafter,  G.  W.,  Sewage  irrigation  —  Rafter,  240. 
Raindrops,  impressions,  Connecticut  valley  —  Lyell,  194. 
Redding,  Garnet  Rock  —  Seeley,  254. 

geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 
Red  spring,  map  —  Hobbs,  556. 
Rice,  W.  N.,  First  biennial  report  of  the  Commissioners  of  the  State 

Geological    and    Natural    History   Survey  —  Rice,   242. 
Physical  geography  and  geology  of  Connecticut  —  Rice,  243. 
Trap  and  sandstone  in  gorge  of  the  Farmington  river  —  Rice, 

241. 
Rice,  W.   N.,  and  Gregory,  H.  E.,  Manual  of  Connecticut  geology  — 

Rice  and  Gregory,  243a. 
Ridgefield,  geology  —  Percival,  229;   Rice  and  Gregory,  243a. 
Ries,  H.,  Clays  of  the  United  States  —  Ries,  245. 

Limestone   quarries   of   eastern    New   York,   western   Vermont, 

Massachusetts,  and  Connecticut  —  Ries,  244. 
River  map  —  Hobbs,  558. 
River  system  of  Connecticut  —  Hobbs,  154. 
Rivers,  run-off  —  Gregory,  124a. 
Roaring  brook,  trap  —  Davis,  98,  100. 
Robertsville,  map  —  Hobbs,  559. 
Robinson,  H.  H.,  and  Gregory,  H.  E.,  Preliminary  geological  map  of 

Connecticut  —  Gregory  and  Robinson,  124c. 
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Rocks,  character  and  age  —  Hitchcock,  133. 

characters  used  in  defining  —  Dana,  45. 

classification  —  Merrill,  218. 

decay  —  Silliman,  268. 

list  in  Connecticut  —  Cochrane,  17. 

raetamorphic  —  Rice  and  Gregory,  243a. 

origin  of  bedding  in  metamorphic  —  Dana,  62. 

origin  of  crystalline  —  Hunt,  168. 

syenitic  and  homblendic  —  Mather,  209. 

unconsolidated  materials  —  Percival,  229. 

water  cai>acity  —  Gregory,  124a. 
Rocks  of  the  chloritic  formation  on  the  western  border  of  the  New 

Haven  region  —  Hawes,  129. 
Rocky  Hill,  foot-prints  —  Hitchcock,  139,  144, 

indurated  bitumen  in  trap  —  Dana,  44. 

trap  —  Davis,  98;  Rice  and  Gregory,  243a;  Silliman,  272. 
Rogers,  H.  D.,  Cause  of  crescent-formed  dikes  of  trap  —  Rogers,  247. 

Nature  of  dip  of  Triassic  of  the  eastern  United  States  —  Rogers, 
246. 

Sketch  of  the  geology  of  the  United  States  — •  Rogers,  248. 
Round  Hill,  till  ridge  —  Dana,  64;   Davis,  81. 
Roxbury,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

iron  —  Putnam,  235. 
Russell,  I.  C,  Fomier  extent  of  Triassic  formation  in  the  United  States 

.    —  Russell,  251. 

Newark  system  —  Russell,  253. 

Occurrence  of  a  solid  hydrocarbon  in  eruptive  rocks  —  Russell, 

Physical  history  of  Triassic  formation  —  Dana,  46;    Russell,  2^. 
Subaerial   decay  of  rocks,  and  origin  of  red  color  of  certain 
formations  —  Dana,  68;   Russell,  252. 

S 

Salem,  geology — Percival,  229;   Rice  and  Gregory,  243a. 
Salisbury,  brown  hematite  —  Eckel,  108. 

description  —  Silliman,  265. 

ending  of  synclinal  in  Taconic  range  —  Dana,  59. 

geological  structure  —  Hobbs,  151. 

geology  and  mineralogy  —  Lee,   185;    Percival,  229;    Rice  and 
Gregory,  243a. 

ice  caves  —  Kimball,  179 ;    Silliman,  270. 

iron  —  Dewey,  203;    Eckel,  108;    Hitchcock,  137,  138;    Shepard, 

257. 
maps  — Dana,  509,  514;    Hobbs,  548,  549;    Logan,  566;    Petros, 

579;    Pynchon,  581. 
moving  rocks  —  Lee,  186;    Petros,  232. 
schorl  —  Lee,  185. 
skeletons  —  Lee,  185. 
slate  —  Dana,  37 ;  Lee,  185. 
Taconic  range  —  Dana,  59;   Hobbs,  150. 
talc  — Lee,  185. 
titanium  —  Lee,  185. 
tourmaline  —  Lee,  185. 
Saltonstall,  excursion  —  Dana,  71 . 

maps  — Dana,  504,  512;    Davis,  527,  531;    Hovepr,  565. 

trap  —  Dana,  71;  Davis,  98,  100;  Hovey,  162;  Rice  and  Gregory, 

243a. 


Digitized  by  VjOOQIC 


Il6  CONNECTICUT    GEOL.    AND    NAT.    HIST.    SURVEY,       [Bull. 

Sand,  formation  —  Dana,  63. 

Sandstone,  action  of  humus  acid  —  Julien,  175. 

age  of  Connecticut  —  Agassiz,  i;  AkcrJy,  3;  Dana,  75;  Hitch- 
cock, 138,  146;  Jackson,  173;  Lyell,  194;  Lyman,  195;  Marcou, 

198,  199;  Mather,  213;  Rice  and  Gregory,  243a;  Russell,  249, 

253;  Whitney  and  Silliman,  297. 
bowlders  —  Dobson,  104. 
brown  and  red  —  Lindsley,  187. 
building  stone  —  Merrill,  218. 
color  —  Dana,  68;   Russell,  252. 
comparison  of,  to  Old  Red  of  England  —  302. 
conditions  of  accumulation  —  Davis,  83,  98;  Rice  and  Gregory, 

243a. 
Connecticut  valley  —  302;    Dana,  46,  55,  68;    Davis,  82,  83,  84, 

85,  86,  89,  92,  93,  98;   Deane,  loi ;   Hitchcock,  132,  146;    Hunt, 

171;    Marcou,  198;    Rice  and  Gregory,  243a;    Silliman,  266; 

Smith,  279;   Whelpley,  296. 
Liassic  age  —  Whitney  and  Silliman,  297. 
Longmeadow  —  Wells,  291. 
maps  — Dana,  517;   Davis,  519,  525,  526,  527;   Davis  and  Whittle, 

530;    Hitchcock,  544;    Hobbs,  551;    Lyman,  569;    Rice,  582; 

Rice  and  Gregory,  582a. 
New  Haven  —  Silliman,  260,  262. 
New  Red  —  Dana,  25,  55;  Hitchcock,  138;  Lyman,  195;  Marcou, 

199;   Silliman,  267,  268,  275,  ^*j, 
Oriskany  — Hall,  127. 
Pomperaug  valley  —  Hobbs,  155. 
Portland  —  Johnston,  174;  Merrill,  217. 
production  —  282. 
relation  to  Triassic  trap  —  Dana,  57,  71,  Ti^  7^,  74;    Davis,  78, 

79,  82,  83,  84,  87,  92,  93,  98;    Davis  and  Whittle,  100;    Rice 

and  Gregory,  243a. 
Rocky  Hill  — Lyell,  194. 
stratification  —  Wells,  292. 
Tariffville  —  Rice,  241. 
Triassic,  of  Palisade  ranges  —  Dana,  34. 
Wallingford  —  Chapin,  13. 
Woodbury  —  Hitchcock,  137. 
See  also  Triassic. 
Saybrook,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
magnetic  declination  —  Gannett,  121. 
molybdena  —  Silliman,  263. 
Scantic  river,  former  course  —  Kiimmel,  183. 
Scapolite,  Salisbury  —  Lee,  185. 

Trumbull  —  Hobbs,  156. 
Scapolite  rocks  —  Hitchcock,.  138. 
Schist,  Berkshire  —  Rice  and  Gregory,  243a. 
Bolton  —  Rice  and  Gregory,  243a. 
Brimfield  —  Rice  and  Gregory,  243a. 
description  —  Hitchcock,  131 ;    Rice  and  Gregory,  243a. 
Hartland  — Rice  and  Gregory,  243a. 
Hoosac  —  Emerson,  112. 
Milford  chlorite  —  Rice  and  Gregory,  243a. 
northwestern  Connecticut  —  Dana,  53,  61. 
Plainfield  quartz  —  Rice  and  Gregory,  243a. 
Scotland  —  Rice  and  Gregory,  243a. 
Taconic  — Dana,  35,  40.  43»  47,  48,  49,  53,  59,  65;   Emmons,  115; 

Walcott,  286,  287. 
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Woodstock  quartz  —  Rice  and  Gregory,  243a. 
Schorl,  Salisbury  —  Lee,  185. 

See  also  Tourmaline. 
Scotland  schist  —  Rice  and  Gregory,  243a. 
Seeley,  L.,  Garnet  Rock  —  Seeley,  254. 

Seismic  disturbances  in  southern  Connecticut  —  Markham,  201. 
Serpentine  rocks  —  Merrill,  218. 
Sewage  conditions  of  various  localities  —  Rafter,  240. 
Sewage  irrigation  —  Rafter,  240. 

Shaler,  N.  S.,  Fluviatile  swamps  of  New  England  —  Shaler,  255. 
Shales,  action  of  humus  acids  —  Julien,  175. 

Chicopee  —  Emerson,  112. 

conditions  of  accumulation  —  Davis,  83 ;   Rice  and  Gregory,  243a. 

Connecticut  Triassic  —  Hunt,  171. 

ferruginous  and  bituminous  —  Russell,  253. 

stratification  —  Wells,  292. 

Woodbury — Hitchcock,  137. 
Sharon,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 

kaolin  —  Dana,  63. 

map — Pynchon,  581. 
Sheldon,  J.  M.  A.,  Concretions  from  Champlain  clays  of  the  Connecti- 
cut valley  —  Sheldon,  256. 
Shepard,  C.  U.,  biography  —  259. 

Notice  of  a  mine  of  spathic  iron  at  New  Milford  and  of  iroo 
works  at  Salisbury  —  Shepard,  257. 

Report  on  the  Geological  Survey  of  Connecticut  —  Shepard,  258; 
Silliman,  273. 
Shepaug  river,  map  —  Hobbs,  556. 
Sherman,  geology  —  Percival,  229. 
Sherman  hill,  glacial  action  —  Hobbs,  158. 
Shetucket  river,  former  ice  dams  —  Koons,  181. 

height  —  282. 
Short  mountain  —  Davis,  523. 
Shuttle  meadow,  map  —  Davis,  522. 

trap  sheets —  Davis,  98,  100. 
Sienite.    See  Syenite. 
Silicious  sinter,  Salisbury  —  Lee,  185. 
Silliman,  B.,  Account  of  meteor,  Weston  —  Silliman,  261. 

biography  —  274. 

Course  of  lectures  —  Silliman,  271. 

Ice  caves  at  Meriden  and  Northford  —  Silliman,  269. 

Ice  caves  at  Salisbury  —  Silliman,  270.  • 

Igneous  origin  of  isome  trap  rock — Silliman,  272. 

Localities  of  mineral  and  animal  remains  —  Silliman,  263. 

Mineralogical  and  geological  observations  on  New  Haven  and 
its  vicinity  —  La  Metherie,  184 ;   Silliman,  262,  264. 

Notice  of  "  A  Report  on  the  Geological  Survey  of  Connecticut,** 
Shepard  —  Silliman,  273. 

Notice  of  "  Geological  Essays,"  Hayden  —  Silliman,  268. 

Remarks  on  a  short  tour  between  Hartford  and  Quebec,  1819  — 
Silliman,  266. 

Remarks  on  red  sandstone  of  Connecticut  —  Silliman,  267. 

Sketch  of  mineralogy  of  town  of  New  Haven  —  Silliman,  260. 

Sketches  of  tour  in  the  counties  of  New  Haven  and  Litchfield  — 
Silliman,  265. 
Silliman,  B.,  Jr.,  Dr.  Percival  and  crescent- formed  dikes  —  Silliman, 
275. 
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Fossil  trees  found  at  Bristol  —  Silliman,  277. 

Report  of  the  intrusive  traps  of  the  New  Red  sandstone  of  Con- 
necticut —  Silliman,  276. 
Silliman,  B.,  Jr.,  and  Whitney,  J.  D.,  Notice  of  the  geological  posi- 
tion and  character  of  copper  mine  at  Bristol  —  Whitney  and 
Siliman,  297. 
Simsbury,  geology  —  Percival,  229;  Rice  and  Gregory,  243a. 
Skeletons,  Salisbury  —  Lee,  185. 
Slate,  action  of  humus  acid  —  Julien,  175. 

Salisbury  —  Lee,  185. 
Slate  formations  —  Hitchcock,  138. 
Smith,  A.,  On  the  water  courses  and  the  alluvial  and  rock  formations  of 

the  Connecticut  valley  —  Smith,  279. 
Smock,    J.    C,    Geological-geographical    distribution    of    iron    ores  — 

Smock,  280. 
Soapstone,  Somers  —  Hitchcock,  138. 
Soil,  crystallines  —  Maclure,  197.  , 

distribution  —  Enmions,  115;    Percival,  229. 

formation  —  Silliman,  268. 

glacial  —  Rice  and  Gregory,  243a. 

nature  and  fertility  —  Maclure,  197. 

tobacco  —  Killebrew,  178. 
Soil  survey,  Connecticut  valley  —  Dorscy,  106;  Pippin,  116. 
Somers,  cosil  —  Hitchcock,  136. 

geology — Percival,  229;   Rice  and  Gregory,  243a. 

porcelain  clay  —  Hitchcock,  138. 

soapstone  —  Hitchcock,  138. 
South  Britain,  fossil  wood  —  Knowlton,  180. 

map  —  Hobbs,  552,  557. 
South  Glastonbury,  map  —  Davis,  526. 
South  Hadley,  foot-prints  —  Hitchcock,  146. 
South  Lyme,  monazite  and  orthoclase  —  Matthew,  215. 
South  Manchester,  map  —  Davis,  526. 
Southbury,  description  of  coniferae  —  Hitchcock,  142. 

jfeology  —  Hobbs,  155;    Percival,  229;    Rice  and  Gregory,  243a. 

mdurated  bitumen  —  Dana,  44. 

map  —  Hobbs,  556. 

petrified  trees  —  Hitchcock,  137. 

rose  quartz  —  Silliman,  263. 

Triassic  —  Davis,  83,  56;   Hobbs,  155;   Russell,  253. 
Southern   New  England,  during  the   melting  of  the  great  glacier  — 
Dana,  41. 

physical  geography  —  Davis,  91,  96. 
Southington,  coal  —  Hitchcock,  13S ;    Silliman,  263. 

fossils  —  Loper,  189. 

geology — Percival,  229;   Rice  and  Gregory,  243a. 

water  cement  —  Lowrey,  191. 
Sphene,  Trumbull  —  Hobbs,  156. 
Spodumene,  production  —  282. 

Spontaneous  movements  of  rocks  —  Johnston,  174;  Niles,  225. 
Springs  —  Gregory,  123,  124. 
Stamford,  geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 

magnetic  declination  —  Gannett,  121. 
Staurolite  crystals  and  Green  mountain  gneisses  of  Silurian  age  —  Dana, 

40. 
Steel,  production  —  282. 

Salisbury  —  Lee,  185. 
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Stegomus  arcuatus  from  New  Haven  —  Marsh,  207. 

Sterling,  geology — Percival,  229;  Rice  and  Gregory,  243a. 

Sterling  granite-gneiss  —  Rice  and  Gregory,  243a. 

Still  river,  map  —  Hobbs,  559,  560. 

Still  rivers  of  western  Connecticut  —  Hobbs,  157. 

Stockbridge  limestone  and  related  rocks  —  Dana,  75 ;  Rice  and  Gregory, 

Stodder,  C,  On  the  occurrence  of  clay  on  the  banks  of  Farmingtor 

river  —  Stodder,  281. 
Stones,  building  —  Merrill,  217. 

minerals  of  —  Merrill,  218. 
Stonington,  geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
Stony  Creek,  excursion  —  Dana,  71. 

granite  —  Kemp,  177;    Newberry,  220;    Winchell,  300. 

stratified  rocks  —  Dana,  62. 
Stony  Creek  granite-gneiss  —  Rice  and  Gregory,  243a. 
Stratford,  geology  —  Percival,  229 ;  Rice  and  Gregory,  243a. 
Stratification,  origin  —  WeHs,  292. 
Strength  of  New  England  granites  —  Winchell,  300. 
Structural  value  of  the  trap  ridges  of  the  Connecticut  valley  —  Davis, 

79,  98. 
Structure  of  the  Triassic  formation  —  Davis,  83,  84,  98 ;   Rice  and  Greg- 
ory, 243a. 
Suffield,  coal  —  Silliman,  263. 

fossil  foot-prints  —  Hitchcock,  144,  146. 

geology  —  Percival,  229. 
Suffield  clay  —  Dorsey,  106;   Fippin,  116. 
Sulf^ate  of  alumina,  Salisbury  —  Lee,  185. 
Sulphate  of  barytes,  Berlin  —  Percival,  2^. 
Sulphur,  Salisbury  —  Lee,  185. 

Surve)rs  of  Connecticut — -Gregory  and  Robinson,  124c. 
Swamps,  fluviatile  —  Shaler,  255. 
Syenite,  New  London  and  Windham  counties  —  Mather,  211. 


Taconic  region,  maps  —  Dana,  511,  514,  515;   Walcott,  588. 

pseudomorphs  —  Hobbs,  149. 

rocks  and  stratigraphy  —  Dana,  35»  ^7^  4P»  43,  47,  49,  53,  59,  61, 
65;  Hobbs,  150,  151;  Hunt,  167,  168,  170;  Walcott,  286. 

synopsis  of  conclusions  —  Walcott,  287. 
Taconic  system,  geological  age  —  Dana,  47,  48,  53,  59,  65,  75 ;  Emmons, 
lis;  Hunt,  168,  170;  Walcott,  286,  287,  ^. 

what  constitutes  —  303. 
Talc,  Salisbury  —  Lee,  185. 
Talcose  schist,  Vermont  —  Hitchcock,  131. 
Talcose  slate  —  Hitchcock,  138. 
Tariffville,  trap  and  sandstone  —  Rice,  241. 
Tectonic  geography — Hobbs,  160. 
Tcnmile  river,  map  —  Crosby,  503. 

proposed  dams  —  Crosby,  20. 
Terminal  moraine  —  Dana,  60. 
Terrace  formation  in  Connecticut  valley — Dana,  26,  51,  52;   Hitchcock, 

Thames  river,  former  ice  dams  —  Koons,  181. 
Thimble  islands,  description  —  Dana,  75. 

excursion  —  Dana,  71. 
Thomaston  granite  —  Newberry,  2aa 
Thomaston  granite-gneiss  —  Rice  and  Gregory,  243a. 
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Thompson,  geology  —  Percival,  229;  Rice  and  Gregory,  243a. 

Tile,  production  —  282. 

Till  ndge  of  New  Haven  — Dana,  58,  64;   Davis,  81. 

Titanium,  Salisbury  —  Lee,  185. 

Tobacco  soil  —  Dorsey,  106;   Killebrew,  178. 

Tolland,  garnet  —  Webster,  290. 

geology — Percival,  229;    Rice  and  Gregory,  243a. 
graphite  —  Webster,  290. 
Topaz,  Lane's  mine  —  Hitchcock,  137. 

Trumbull  —  Hobbs,  156. 
Topographic  atlas  of  G>nnecticut  —  586,  587. 
Topographic  development  of  Triassic  formation  —  Davis,  89. 
Topographic  forms,  date  of  origin  —  Davis,  94. 
Topographic  Survey  of  Connecticut  —  Chapin,  16 ;  Gregory,  124c. 
Torrington,  geology —  Percival,  229;   Rice  and  Gregory,  243a. 

map  —  Hiobbs,  559. 
Totoket  mountain,  description  —  Hovey,  162. 

map  —  Davis,  520,  531;    Hovey,  565.  ^ 

trap  —  Davis,  gS,  100;   Rice  and  Gregory, '  243a. 
Tour  between  Hartford  and  Quebec  in  the  autumn  of  1819 —  Silliman, 

266. 
Tourmaline,  Bozrah  —  Webster,  290. 

Branchville  —  Brush  and  Dana^  11. 
Haddam  Neck  —  Bowman,  8. 
production  —  282. 
Salisbury  —  Lee,  185. 
Tracks  of  large  birds  —  Hitchcock,  139. 
Trap.    See  Triassic  trap. 
Trees,  petrified,  Bristol  —  Silliman,  277. 

Southbury — Hitchcock,  137. 
Tremolite,  Salisbury  —  Lee,  185. 

Triassic  coal  —  Hitchcock,  136 ;    Percival,  229 ;   Silliman,  263. 
Triassic  formation,  bibliography  —  Davis,  98;  Russell,  253. 
drainage  —  Rice  and  Gregory,  243a. 
faults  — Davis,  83.  84,  85,  86,  87.  88,  89,  98,  99;   JHobbs,  155; 

Rice  and  Gregory,  243a ;   Russell,  249. 
physical  history  —  Dana,  46,  55»  75;    Davis,  83,  84,  92,  98,  99; 
Frazer,    118;     Hitchcock,    I4(S;     Hobbs,    155;     Jackson,    173; 
Lyell,  194 ;  Lyman,  195 ;     Rice  and  Gregory,  243a ;   Smith,  279. 
water  supply  —  Fuller,  119. 
Triassic  limestone  —  Davis,  98;  Lowrey,  191;  Percival,  229. 
Triassic  sandstone,  age  —  Agassiz,  i;  Akerly,  3;  Dana,  75;  Davis,  98; 
Hitchcock,  136,   138,  146;  Jackson,  173;    Lyell,   194;    Lyman, 
195;  Maclure,  197;  Marcou,  198,  199;  Rice  and  Gregory,  243a; 
Russell,  249,  253. 
comparison  with  other  regions  —  Brongniart,  10;    Dana,  34. 
copper  ores,   Bristol  — Dana,  75;    Hulbert,   165;    Whitney  and 
Silliman,  297;   Granby  — Benjamin,  5;   Dana,  75;   Hitchcock, 
138;  Manchester  —  Valcherville,  285. 
fossils  — Barbour,  4;    Davis,  77,  98;    Deane,  loi ;    Eaton,   107; 
Hitchcock,  136,  139.  142,  144*  M^,  147;   Knowlton,  180;   Loper, 
189;    Lull,  192,  193;    Lyell,  194;    Marcou,   198,   199;    Marsh, 
203,  204,  205,  206,  207;    Mather,  212;    Miller,  219;    Newberry, 
221 ;    Rice  and  Gregory,  243a ;    Silliman,  277. 
Portland  — Johnston,  174;  Merrill,  217,  218;  U.  S.  Geol.  Surv., 

282. 
red  color  — Dana,  68;   Russell,  252. 
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Structure  — Dana.  46,  55;    Davis,  83,  84,  85,  86,  89,  92,  93»  98; 

Hobbs,  15s;    Pcrcival,  229;    Rice  and  Gregory,  243a;   Rogers, 

246,  247;   Russell,  249,  251,  ^53;   Silliman,  2(^7;   Smith,  279; 

Wells,  291,  292;  Whelpley,  296. 
Triassic  soil  —  E>orsey,  106;  Fippin,  116;  Killebrew,  175;  Maclure,  197. 
Triassic  trap,  acid  dike  —  Hovey,  163. 

age  —  Dana,  73,  75;   Davis,  98;   Hobbs,  155;   Rice  and  Gregory, 

243a.       ^ 
ash-bed  —  Chapin,  15;  Davis,  87;  Emerson,  ill. 
basic  dike  —  Griswold,  125;    Rice  and  Gregory,  243a. 
bitumen  —  Dana,  44;    Percival,  229;    Russell,  250. 
comparison  of  Connecticut  with  New  Jersey  and  other  localities 

—  Dana,  21,  36;   Davis,  78,  82;  Frazer,  117;   Hawes,  128,  130; 

Hobbs,  155 ;  Kussell,  253. 
description,  general  —  Davis,  98;    Markham,  201;    Percival,  229; 

Porter,  2^4;    Pynchon,  236;   Rice  and  Gregory,  243a;   Russell, 

253;    Silliman,  260,  265,  266;    Smith,  279. 
East  Haven  —  Hovey,  162. 
fissures — Davis,  90,  98. 
garnets  with  —  Dana,  22. 
Holyoke  diabase  —  Emerson,  112. 
junction  with  sandstone,  Wallingford  —  Chapin,  13. 
lithological  character  —  Dana,  21,  50;    Hawes,  128,  130;    Hobbs, 

155 ;  Rice  and  Gregory,  243a. 
Meriden  —  Chapin,  14;    Dana,  30;    Davis,  84,  87,  88,  90,  97,  98. 
New  Haven  —  Dana,  38,  71,  72,  74;  Hawes,   128,   130;   Porter, 

234;    Silliman,  260,  262. 
origin  — Cooper,  18;    Dana,  57,  75;    Davis,  78,  82,  83,  93,  98; 

Hobbs,  155 ;    Hovey,  162 ;    L3rman.  15^5 ;    Rice,  241 ;    Rice  and 

Gregory,  243a ;  Russell,  249,  253 ;   Silliman,  272,  276. 
Pomperaug  valley — Hobbs,   155;    Percival,  229;   Silliman,  26$. 
ranges  —  Dana,  24. 
tuff  —  Hitchcock,  143. 
Triassic  volcanoes  —  Davis,  95;  Markham,  201. 
Trumbull,  geology — Percival,  229;    Rice  and  Gregory,  243a. 

old  tungsten  mine  —  Gurlt,  126;  Hobbs,  156,  159. 
Tuff  — Hitchcock,  143. 
Tungsten  mine  at  Trumbull  —  Gurlt,  126;  Hobbs,  156,  159. 

map  —  Hobbs,  561,  562. 
Twin  lakes  valley,  key  area  for  study  of  faults  —  Hobbs,  160. 


U 

Upham,  W.,  Abstract  of  "  Some  typical  cskers  of  southern  New  Eng- 
land," Woodworth  —  Upham,  284. 

criticism  of  theory  of  kames  —  Dana,  51. 

Succession  of  Glacial  deposition  in  New  England  —  Upham,  283. 
Union,  geology — Percival,  229;    Rice  and  Gregory,  243a. 
United  States  Geogical  Survey  —  282. 

annual  reports  —  282. 

map  of  United  States  —  585. 

mineral  resources  of  United  States  —  282. 

topographic  atlas,  Connecticut  —  586. 

topographic  map,  Connecticut  —  587. 

water  supply  and  irrigation  papers  —  282. 

work  in  Connecticut  —  Gregory  and  Robinson,  124c. 
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Valchcrville,  M.  de,  Highland  park,  Manchester  —  Valchervillc,  285. 

Vernon,  geology  —  Percival,  229;    Rice  and  Gregory,  243a. 

Vineyard  gap,  map  —  Davis,  526. 

Volcanic  and  seismic  disturbances  —  Markham,  201. 

Volcanoes,  and  rolcanic  substances  —  Cooper,  18. 

Connecticut  valley  —  Hitchcock,  142,  143. 

facts  concerning,  and  products  —  Cooper,  18. 

lost  volcanoes  of  Connecticut  —  Davis,  95. 


W 

Wacke,  Salisbury — Lee,  185. 

Walcott,  C.  D.,  Correlation  papers,  Cambrian  —  Walcott,  288. 

Synopsis  of  conclusions  on  **Taconic  of  Emmons"  —  Walcott, 
287. 

Taconic  system,  286. 
Wallinfifford,  copper — Silliman,  264. 

description  of  Triassic  —  Davis,  82,  98. 

excursion  to  Meriden  —  Dana,  30. 

geology  —  Percival,  229;    Rice  and  Gregory,  243a. 

junction  of  trap  and  sandstone  —  Chapin,  13. 
Warren,  geology  —  Percival,  229 ;    Rice  and  Gregory,  243a. 
Warren,  J.  C,  Geological  position  of  the  mastodon  —  Warren,  289. 
Washington,  geology  —  Percival,  229;    Rice  and  Gregory,  243a. 

minerals  —  Brace,  9. 
*Water  cement  of  Southington  —  Lowrey,  191. 
Water  courses  and  alluvial  and  rock  formations  —  Smith,  279. 
Water  supply  —  Gregory,  123,  124. 
Water  supply  and  irrigaition  papers  —  282. 
Waterbury,  geology — Percival,  229;   Rice  and  Gregory,  243a. 

sewage  conditions  —  Rafter,  240. 
Waterbury  gneiss  —  Rice  and  Gregory,  243a. 
Watertown,  description  —  Silliman,  265. 

geology  —  Percival,  229. 
Webster,  J.  W.,  Localities  of  minerals  —  Webster,  290. 
Well  and  spring  records  —  Gregory,  123. 
Wells,  deep  borings  —  282. 

drilled,  in  Triassic  area  —  Pynchon,  239. 
Wells,   D.   A.,   Connecticut  valley   sandstone  formation  —  Wells,  291. 

Evidence  of  glacial  action  —  Wells,  293. 

Origin  of  stratification  —  Wells,  292. 

Remarkable  bowlders  —  Wells,  294. 
West  Haven,  greenstone  —  Hitchcock,  136. 
West  peak.    See  Meriden. 
West  river,  map  — Dana,  513. 
West  Rock,  criticism  of  Dr.  Hawes*  article  —  Dana,  50. 

description  —  Dana,  71,  72. 

difference  between  East  and  West  rocks  —  Porter,  234. 

map  —  Dana,  516,  517. 

trap  —  Dana,  21;   Davis,  98,  100;    Hawes,  128;   Rice  and  Greg- 
ory, 243a. 
Westbrook,  geology  —  Percival,  229. 
Westerly  granite  —  Kemp,  177;    Rice  and  Gregory,  243a. 
Western  Connecticut,  map  —  Martin,  574. 
Western  discharge  of  the  flooded  Connecticut  —  Dana,  56. 
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Westfield,  bituminous  formation  —  Brongniart,  10. 

fish  impressions  —  Hitchcock,  136;    Silliman,  263. 

fossils  —  Lx>per,  189. 

geologic  section  —  Rice  and  Gregory,  243a. 
Westgate,  L.  G.,  Granite  gneiss  in  central  Connecticut  —  Westgate,  295. 
Weston,  geology — Percival,  229;    Rice  and  Gregory,  243a. 

meteorite  —  Gibb,  122;    Silliman,  261. 
Westport,  geology  —  Percival,  229 ;   Rice  and  Gregory,  243a. 
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Silliman,  297. 

Whittle,  C.  L.,  and  Davis,  W.  M.,  Intrusive  and  extrusive  Triassic 
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Windham,  geology  —  Percival,  229 ;  Rice  and  Gregory,  243a.  * 
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Wolcott,  geology  —  Percival,  229;    Rice  and  Gregory,  243a. 
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ADVERTISEMENT. 

List  of  Bulletins  of  the  State   Geological    and   Natural 
History  Survey  of  Connecticut. 


1.  First  Biennial  Report  of  the  Commissioners  of  the 
State  Geological  and  Natural  History  Survey,  1903-1904. 

2.  A  Preliminary  Report  on  the  Protozoa  of  the  Fresh 
Waters  of  Connecticut ;  by  Herbert  William  Conn. 

3.  A  Preliminary  Report  on  the  Hymeniales  of  Connecti- 
cut ;  by  Edward  Albert  White. 

4.  The  Clays  and  Qay  Industries  of  Connecticut;  by 
Gerald  Francis  Loughlin. 

5.  The  Ustilagineae,  or  Smuts,  of  Connecticut;  by  George 
Perkins  Qinton. 

6.  Manual  of  the  Geology  of  Connecticut;  by  William 
North  Rice  and  Herbert  Ernest  Gregory. 

7.  Preliminary  Geologfical  Map  of  Connecticut;  by  Her- 
bert Ernest  Gregory  and  Henry  HoUister  Robinson. 

•  8.    Bibliography   of   Connecticut   Geology;    by   Herbert 
Ernest  Gregory. 

9.  Second  Biennial  Report  of  the  Commissioners  of  the 
State  Geological  and  Natural  History  Survey,  1905-1906. 

Bulletins  i  and  9  are  merely  administrative  reports,  con- 
taining no  scientific  matter.  The  other  bulletins  may  be  classi- 
fied as  follows :  — 

Geology ;  Bulletins  4,  6,  7,  8. 

Botany ;  Bulletins  3,  5. 

Zoology ;  Bulletin  2. 

These  bulletins  are  sold  and  otherwise  distributed  by  the 
State  Librarian.  The  prices  are  as  follows :  No.  i,  $0.05 ;  No. 
2,  .35;  No.  3,  .40;  No.  4,  .30;  No.  5,  .15;  No.  6,  .50;  No. 
7,  .60* ;  No.  8,  .20 ;  No.  9,  .05. 

It  is  intended  to  follow  a  liberal  policy  in  gratuitously 
distributing  these  publications  to  public  libraries,  colleges, 
and  scientific  institutions,  and  to  scientific  men,  teachers,  and 
others  who  require  particular  bulletins  for  their  work,  es- 
pecially to  those  who  are  citizens  of  Connecticut. 

•  Applications  or  inquiries  should  be  addressed  to 

George  S.  Godard, 
5"^^^  Librarian, 
Hartford,  Conn. 


*  If  map  is  mounted  aa  a  wall  map,  and  ^i.6o. 
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Hartford,  Conn.,  December  26,  1906. 
His  Excellency,  Henry  Roberts,  Governor  of  Connecticut, 
Hartford,  Connecticut 
Sir:  —  I  have  the  honor  to  transmit  to  you  herewith,  in 
behalf  of  the  Connecticut  Geological  and  Natural  History  Sur- 
vey Commission,  the  report  of  the  Superintendent  of  the 
work,  covering  the  period  of  two  years  ending  December  31, 
1906. 

Very  respectfully, 

FLAVEL  S.  LUTHER, 
Secretary  of  the  Commission. 
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STATE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY. 

SECOND  BIENNIAL  REPORT. 


SCOPE  AND  PLAN  OF  THE  SURVEY. 

In  this  second  report  it  may  be  convenient  briefly  to 
recapitulate  what  was  more  fully  stated  in  the  first  report 
in  regard  to  the  aims  of  the  Survey  and  the  plan  of  organ- 
ization which  has  been  adopted.  The  act  establishing  the 
Survey  was  approved  June  3,  1903.  The  title  given  to  the 
Survey  in  that  act,  and  the  more  explicit  language  of  sec- 
tion 2  of  the  act,  present  to  the  Survey  two  subjects  for 
investigation ;  viz.,  the  geology  of  the  state,  and  the  natural 
history,  or  botany  and  zoology,  of  the  state.  While  no 
specific  directions  are  given  in  the  law  as  to  the  propor- 
tionate amounts  of  time  and  money  to  be  expended  upon 
the  various  objects  of  study,  it  has  been  assumed  as  a  fair 
interpretation  of  the  spirit  and  intent  of  the  law  that 
geology  and  biology  should  receive  not  far  from  equal 
shares  of  the  appropriation.  The  law  establishing  the 
Survey  further  sets  before  us  three  aims  to  be  regarded  in 
the  studies  undertaken  and  in  the  mode  of  publication  of 
their  results: — first,  the  advancement  of  our  knowledge 
of  the  botany,  zoology,  and  geology  of  the  state,  as  a 
matter  of  pure  science;  second,  the  advancement  of  the 
economic  interests  of  the  state  by  the  acquisition  and 
publication  of  the  knowledge  of  its  resources;  third,  the 
promotion  of  the  educational  work  of  the  schools  of  the 
state  by  the  publication  of  the  results  of  investigation  in 
such  form  as  will  be  adapted  for  the  use  of  teachers.  We 
have  planned  the  work  of  the  Survey  with  the  purpose  of  ac- 
complishing these  three  objects  as  far  as  our  limited  means 
would  allow. 
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The  plan  of  organization,  of  which  an  account  was 
given  in  the  first  report,  has  been  retained.  Only  one 
salaried  officer  has  been  appointed  by  the  Commissioners; 
viz.,  the  Superintendent.  Other  scientific  men  have  been 
engaged  to  investigate  particular  subjects  and  to  prepare 
reports  or  bulletins  thereon.  In  the  great  majority  of  cases 
the  terms  of  contract  with  these  scientific  men  have  been 
that  the  investigator  should  receive  a  certain  sum  as  com- 
pensation when  the  bulletin  presented  was  accepted  by  the 
Superintendent,  and  that  a  certain  allowance  should  also 
be  made  from  the  appropriation  for  the  Survey  for  the  ex- 
penses of  the  work,  the  allotment  for  expenses  to  be  drawn 
upon  from  time  to  time  as  the  expenses  were  actually  incurred. 
In  a  few  cases  scientific  men  have  been  engaged  to  com- 
mence investigations  which  they  were  not  expected  to  finish 
within  the  current  biennial  term;  in  which  cases  the  com- 
pensation offered  has  been  regulated  by  the  amount  of 
time  which  was  to  be  spent  in  these  preliminary  investiga- 
tions. 

Each  report  prepared  is  published  as  a  separate  bulletin, 
the  bulletins  being  numbered  consecutively,  generally  in 
the  order  of  time  in  which  they  are  received.  Each 
bulletin  bears  the  name  of  the  author  or  the  names  of  the 
authors,  aiid  each  author  is  responsible  for  his  own  work. 
The  bulletins  are  issued  in  paper  covers,  but  a  part  of 
the  edition  is  reserved  for  binding.  From  time  to  time 
the  bulletins  which  have  been  published  will  be  collected 
for  binding  in  volumes  generally  of  not  less  than  500 
pages  nor  more  than  1000.  The  publications  of  the  Sur- 
vey are  distributed  by  the  State  Librarian.  They  are 
given  liberally  to  colleges,  public  libraries,  geological  sur- 
veys, and  other  scientific  institutions,  and  to  scientific 
men  of  repute  in  the  branches  of  science  with  which 
the  respective  bulletins  are  concerned.  In  many  cases  pub- 
lications of  great  value  are  received  in  exchange  for  the 
publications  of  the  Survey.  All  books  and  papers  thus 
received  in  exchange  are  deposited  in  the  State  Library. 
The  publications  of  the  Survey  are  also  distributed  liberally 
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to  citizens  of  our  own  state.  In  the  case  of  persons  in  other 
states  who  are  not  known  as  scientific  men,  and  who  appear 
to  have  no  special  claim  for  the  donation  of  the  publica- 
tions of  the  Survey,  the  bulletins  are  sold  at  prices  sufficient 
to  cover  the  cost  of  printing  and  binding. 

BULLETINS  ALREADY  PUBLISHED. 

The  First  Biennial  Report  of  the  Commissioners  is 
numbered  in  the  consecutive  series  as  Bulletin  No.  i.  Since 
the  presentation  of  that  report  four  other  bulletins  have 
been  published  as  follows: — 

No.  2.  A  Preliminary  Report  on  the  Protozoa  of  the 
Fresh  Waters  of  Connecticut ;  by  Herbert  William  Conn. 

No.  3.  A  Preliminary  Report  on  the  Hymeniales  of 
Connecticut;  by  Edward  Albert  White. 

No.  4.  The  Clays  and  Clay  Industries  of  Connecti- 
cut; by  Gerald  Francis  Loughlin. 

No.  5.  The  Ustilagineae,  or  Smuts,  of  Connecticut;  by 
George  Perkins  Clinton. 

These  reports  have  received  high  commendation  from 
scientific  journals  and  from  the  newspaper  press  of  our  own 
and  other  states,  and  it  is  believed  that  they  record  im- 
portant accessions  to  the  useful  knowledge  of  the  natural 
history  and  resources  of  our  state. 

Professor  Conn's  Report  on  the  Protozoa  of  our  Fresh 
Waters  is  illustrated  by  thirty-four  plates  made  from  draw- 
ings by  his  own  hand.  This  bulletin  is  of  great  utility  in 
an  educational  point  of  view,  since  most  of  the  literature 
dealing  with  the  protozoa  is  not  readily  accessible  to  the 
teachers  in  our  high  schools  and  to  students  who  may 
wish  to  study  the  minute  life  of  Connecticut  fresh  waters. 

Professor  White's  Report  on  the  Hymeniales  deals  with 
a  group  of  relatively  large  and  conspicuous  fungi,  which 
are  of  economic  importance  because  some  of  them  are 
edible  and  others  are  extremely  poisonous.  The  report 
is  illustrated  with  forty  plates  mostly  from  exquisite  photo- 
graphs taken  by  Professor  White  himself.  Within  the 
last- few  years  a  great  interest  has  been  awakened  in  the 
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subject  of  fungi,  particularly  with  reference  to  their  edible 
qualities,  and  Professor  White's  work  has  therefore  re- 
sponded to  a  popular  demand. 

Dr.  Loughlin's  paper  on  the  Clays  and  Clay  Industries 
of  the  state  is  a  valuable  contribution  both  from  the  stand- 
point of  pure  science  and  from  that  of  the  economic  appli- 
cation of  science.  It  discusses  the  distribution  of  our 
Connecticut  clays  and  the  geological  conditions  under 
which  they  were  formed,  and  their  physical  and  chemical 
properties,  and  treats  very  fully  of  their  uses  in  the  manu- 
facture of  brick  and  pottery. 

Dr.  Clinton's  Report  on  the  Smuts  deals  with  a  group 
of  microscopic  parasitic  fungi  whose  economic  importance 
is  very  great  on  account  of  the  destruction  of  agricultural 
products  which  they  cause.  It  has  been  estimated  that  in 
Illinois  an  average  loss  of  oats  alone  to  the  value  of  $i,ooo,- 
ooo  is  caused  by  two  species  of  these  parasitic  fungi.  Dr. 
Clinton's  investigation  has  been  thorough  and  elaborate, 
and  his  brief  paper  is  of  high  scientific  and  economic  value. 

BULLETINS  ACCEPTED  FOR  PUBLICATION. 

Three  bulletins  have  been  accepted  for  publication,  two 
of  which  are  already  in  type.  These  are  the  following: — 
No.  6.  Manual  of  the  Geology  of  Connecticut;  by  Wil- 
liam North  Rice,  Professor  of  Geology  in  Wesleyan  Uni- 
versity, and  Herbert  Ernest  Gregory,  Professor  of  Geology 
in  Yale  University. 

No.  7.  Preliminary  Geological  Map  of  Connecticut ;  by 
Herbert  Ernest  Gregory,  and  Henry  Hollister  Robinson, 
Instructor  in  Geology  in  Yale  University. 

No.  8.  Bibliography  of  Connecticut  Geology;  by  Her- 
bert Ernest  Gregory. 

The  Manual  of  Geology  will  be  the  first  publication 
which  has  aimed  to  give  a  somewhat  detailed  account  of 
the  geology  of  the  entire  state  of  Connecticut  since  the 
publication  of  Percival's  report  in  1842.  It  is  needless  to 
say  that  our  knowledge  of  the  subject  has  greatly  advanced 
within  that  period  of  almost  two-thirds  of  a  century.    Much 
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has  been  done  in. the  study  of  Connecticut  geology  in  the 
field  by  officers  of  the  U.  S.  Geological  Survey  and  by  private 
individuals,  and  the  general  advance  of  dynamical  geology 
has  put  a  new  interpretation  upon  facts  previously  known. 
But  the  results  of  the  new  work  ton  Connecticut  geology,  so 
far  as  they  have  been  published,  are  scattered  through 
numerous  volumes  of  official  reports,  scientific  journals, 
and  proceedings  of  learned  societies,  so  as  to  be  inac- 
cessible to  those  who  are  not  within  reach  of  large  libraries 
or  who  have  not  acquired  the  difficult  art  of  searching 
through  numerous  reports  and  serials  for  the  scattered 
treasures  buried  therein.  Especially  for  the  teachers  in 
'our  state  it  is  believed  that  the  Manual  of  Geology  will 
meet  a  long  felt  want. 

The  Geological  Map  of  Connecticut  is  on  a  scale  of  four 
miles  to  the  inch.  It  is  to  be  produced  by  chromolithog- 
raphy  in  the  establishment  of  Julius  Bien  &  Co.  The  map 
will  be  accompanied  by  a  brief  pamphlet  giving  a  historical 
sketch  of  the  geological  investigations  which  have  furnished 
the  data,  with  all  necessary  explanations  of  the  map  it- 
self. The  map  is  to  be  issued  in  three  different  forms: — 
the  first,  printed  on  thin  paper,  folded  and  inserted  in  the 
pamphlet;  the  second,  printed  on  thick  paper,  rolled,  and 
forwarded  in  a  pasteboard  tube;  the  third,  mounted  on 
cloth  and  provided  with  rollers  for  use  as  a  wall  map. 
Those  persons  and  institutions  who  choose  to  receive  the 
map  in  one  of  the  two  latter  forms,  which  are,  of  course, 
more  expensive  than  the  first,  will  pay  the  difference  in 
cost.  It  is  hoped  that  a  copy  of  this  map  will  soon  be  dis- 
played in  every  high  school  in  the  state. 

The  Bibliography  of  Connecticut  Geology  has  been 
compiled  with  much  labor  and  care  by  Professor  Gregory. 
It  gives  not  only  the  titles,  but  also  a  brief  analysis  of  the 
contents,  of  all  important  publications  relating  to  Con- 
necticut geology,  whether  appearing  as  independent  works 
or  as  articles  in  government  reports  or  in  scientific  serials. 
An  account  is  also  given  of  maps  in  which  the  geology  of 
the  entire  state  or  of  parts  of  the  state  is  shown.     It  is 
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believed  that  all  students  of  the  geology  of  the  state  will 
find  this  bulletin  very  useful. 

WORK  STILL  IN  PROGRESS. 

The  investigations  still  in  progress  may  be  described 
under  the  three  heads,  geology,  botany,  and  zoology. 

/.    Geology. 

Professor  Joseph  Barrell,  of  Yale  University,  has  been 
engaged,  with  the  assistance  of  Dr.  G.  F.  Loughlin,  on  a 
paper  on  the  rocks  of  Connecticut.  This  paper  will  describe 
all  the  important  lithological  types  represented  in  Connecti- 
cut, giving  their  chemical  and  mineralogical  constitution, 
their  appearance  to  the  naked  eye,  and  somewhat  in  regard 
to  their  aspect  when  studied  in  thin  sections  under  the 
microscope.  Special  attention  will  be  given  to  those  rocks 
which  are  useful  as  building  stones  or  as  ornamental  stones. 
This  bulletin  will  be  illustrated  by  suites  of  specimens  of 
the  rocks  of  Connecticut  which  have  been  collected  under 
the  direction  of  Professor  Barrell.  One  of  these  suites  of 
specimens  will  be  given  to  each  of  the  colleges,  normal 
schools,  and  important  high  schools  and  academies  of  the 
state,  on  the  simple  condition  of  payment  of  the  expense  of 
transportation.  Such  a  suite  of  typical  Connecticut  rocks, 
with  the  bulletin  describing  the  same  in  language  no  more 
technical  than  is  absolutely  necessary,  will  be,  it  is  believed, 
of  very  great  educational  value. 

F.  P.  Gulliver,  Ph.D.,  of  Norwich,  is  engaged  in  a  de- 
tailed and  elaborate  study  of  the  terraces  of  the  Thames 
estuary.  This  paper,  it  is  expected,  will  be  a  valuable  con- 
tribution to  geological  science.  Recent  studies  have  shown 
that  in  all  probability  some  of  the  river  terraces,  particu- 
larly in  the  lower  or  estuarine  parts  of  the  rivers,  were  not 
formed,  as  has  been  commonly  assumed,  after  the  retreat 
of  the  ice  sheet  of  the  Glacial  period  from  the  valley  or 
portion  of  valley  in  which  they  are  situated,  but  are 
rather  in  the  nature  of  delta  deposits  formed  by  the  water 
flowing  out  from  tongues  of  the  glacier  which  projected 
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into  the  valleys  after  the  ice  had  receded  from  the  higher 
ground  adjacent.  The  work  of  Dr.  Gulliver  on  the  terraces 
of  the  Thames  is  an  example  of  a  kind  of  work  which  should 
be  done  on  other  rivers. 

Professor  H.  E.  Gregory,  of  Yale  University,  has  com- 
menced a  general  study  of  the  Quaternary  geology  of  the 
state.  In  the  geological  map  which  is  soon  to  be  published 
the  Quaternary  is  entirely  omitted.  It  is  hoped  that  it  may 
be  practicable  at  no  very  distant  date  to  construct  a  map 
of  the  Quaternary  deposits  of  the  state,  perhaps  on  the  same 
scale  as  the  map  of  the  older  formations  now  being  pub- 
lished. It  is  not  expected  that  Professor  Gregory's  work 
will  be  sufficiently  advanced  to  be  embodied  in  a  bulletin 
within  the  present  biennial  term ;  but,  if  an  appropriation 
shall  be  made  for  the  next  biennial  term,  his  work  will 
doubtless  be  continued,  and  will  result  in  the  preparation 
of  an  important  bulletin. 

//.    Botany. 

The  Connecticut  Botanical  Society  has  nearly  finished 
an  annotated  list  of  the  flowering  plants  and  the  highest 
group  of  the  flowerless  plants  (phanerogams  and  pterido- 
phytes)  of  the  state.  This  list  represents  a  large  amount 
of  labor  contributed  by  a  large  number  of  earnest  workers. 
It  will  be  a  valuable  contribution  to  science,  and  especially 
useful  to  the  teachers  of  the  state. 

Professor  Alexander  W.  Evans  and  Mr.  George  E. 
Nichols,  of  Yale  University,  have  been  engaged  for  some 
time  on  a  paper  on  the  mosses  and  liverworts  (bryophytes) 
of  the  state.  Their  work  is  nearly  ready  for  publication, 
and  will  be  issued  as  a  bulletin.  It  will  be  a  valuable  con- 
tribution to  our  knowledge  of  that  group  of  plants. 

Professor  E.  A.  White,  of  the  Connecticut  Agricultural 
College,  has  continued  his  study  of  the  fleshy  fungi,  on 
which  he  presented  a  preliminary  report,  published  as  Bul- 
letin No.  3.  A  second  bulletin,  which  he  is  expected  to  have 
ready  for  publication  at  an  early  date,  will  present  the 
result  of  a  more  detailed  study  of  the  family  Agaricaceae. 
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Special  attention  will  be  given  in  this  paper  to  the  full 
description  of  the  edible  species  of  the  group. 

George  P.  Clinton,  Sc.D.,  of  the  Agricultural  Experiment 
Station,  New  Haven,  whose  paper  on  the  smuts  was  pub- 
lished as  Bulletin  No.  5,  is  at  work  on  another  important 
group  of  parasitic  fungi;  viz.,  the  downy  mildews.  This 
group  includes  a  number  of  parasites  destructive  to  im- 
portant agricultural  products,  and  will  be  therefore  an 
important  contribution  to  the  economic  botany  of  the  state. 

Professor  H.  W.  Conn,  of  Wesleyan  University,  is  con- 
tinuing his  study  of  the  microscopic  life  of  our  fresh 
waters  and  particularly  of  our  reservoirs.  He  has  already 
published  as  Bulletin  No.  2  of  this  Survey  a  report  on  the 
protozoa  of  these  waters.  A  paper  on  the  fresh-water  algae, 
by  Professor  Conn  and  Mrs.  L.  W.  Webster,  is  well  ad- 
vanced towards  completion,  and  will  doubtless  be  pre- 
sented for  publication  at  an  early  date.  Investigations  of 
the  bacteria  of  our  fresh  waters  are  also  in  progress  in 
Professor  Conn's  laboratory,  but  it  is  not  expected  that 
the  work  on  that  group  will  be  so  far  advanced  as  to  be 
published  within  the  present  biennial  term. 

///.     Zoology. 

Mr.  John  H.  Sage,  of  Portland,  and  Dr.  Louis  B.  Bishop, 
of  New  Haven,  are  at  work  upon  a  very  elaborate  and 
valuable  paper  on  the  birds  of  Connecticut.  Their  bulle- 
tin will  not  contain  descriptions  of  the  birds,  since  good 
manuals  of  the  ornithology  of  this  part  of  the  country  are 
readily  accessible.  The  work  of  Messrs.  Sage  and  Bishop 
will  contain  an  immense  amount  of  information  in  regard 
to  the  date  of  arrival  and  departure  of  our  migratory  birds, 
the  localities  of  rare  birds,  and  the  food  and  habits  of  the 
birds.  This  bulletin  will  be  of  very  great  importance,  both 
economically  and  educationally.  A  large  edition  will  be 
printed,  and  its  wide  distribution  will  be  of  great  utility. 

W.  E.  Britton,  Ph.D.,  of  the  Agricultural  Experiment 
Station,  New  Haven,  with  the  assistance  of  Messrs.  H.  L. 
Viereck  and  B.  H.  Walden  and  other  collaborators,  is  pre- 
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paring  reports  on  two  important  groups  of  insects,  viz.,  the 
hymendptera  and  the  orthoptera.  These  bulletins  will 
contain  analytical  keys  for  the  identification  of  the  genera 
and  species,  and  will  also  treat  of  the  economic  relations 
of  the  insects  of  these  groups.  Many  of  the  insects  of 
these  groups  are  notably  useful  or  injurious;  and  these 
reports  of  Dr.  Britton  will  be  important  contributions  in 
all  three  of  the  lines  to  which  the  work  of  the  Survey  is 
directed :  the  scientific,  the  economic,  and  the  educational. 

Professor  Wesley  R.  Coe,  of  Yale  University,  is  prepar- 
ing a  paper  on  the  small  but  exceedingly  interesting  group 
of  echinoderms.  The  star-fishes,  which  are  among  the  best- 
known  representatives  of  this  group,  occasion  a  very  serious 
loss  to  the  resources  of  the  state  by  the  ravages  which  they 
make  in  oyster  beds;  and,  apart  from  the  purely  scien- 
tific aspect  of  the  group.  Professor  Coe  has  given  much 
attention  to  their  economic  relations.  This  paper  on 
echinoderms,  it  is  hoped,  will  be  the  beginning  of  a  series 
of  papers  by  various  authors  on  the  various  groups  of 
marine  animals  on  our  coast. 


DISTRIBUTION  OF  THE  APPROPRIATIONS. 

The  payments  for  the  work  already  completed  have  been 
as  follows : — 

Name 
W.  N.  Rice, 
H.  W.  Conn, 
E.  A.  White, 
G.  F.  Loughlin, 
G.  P.  Clinton, 
H.  E.  Gregory, 
H.  E.  Gregory  and  H.  H 
Robinson,   . 


Work 

Compensation  Expenses 

Superintendence, 

1903-5,     $400 

$189.41 

Bulletin   No.  2, 

400 

19873 

"     3, 

150 

88.68 

"     4» 

30 

9.03 

"     5. 

50 

8.20 

"     6, 

150 

) 

250.00 


7, 


450 


In  several  of  these  cases  the  payments  on  account  of 
expenses  have  been  much  less  than  the  amounts  allotted. 

The  allotments  for  work  now  in  progress  are  as  fol- 
lows : — 


Digitized  by 


Google 


l6  CONNECTICUT  GEOL.  AND  NAT.   HISTORY  SURVEY.     [Bull. 


Name 

Work                         Compensation 

Expenses 

W.  N.  Rice, 

, 

Superintendence,    1905-7, 

$400 

$300 

J.  Barren,    , .    •    . 

, 

Rocks,       .... 

150 

550 

F.  P.  Gulliver,      . 

, 

Terraces       of      Thames 

River,    .        .        :        . 

100 

ISO 

H.  E.  Gregory,     . 

. 

Quaternary   Geology, 

200 

150 

Conn.  Botanical  Society,     . 

Phanerogams  and  Pteri- 

Idophytes, 

0 

TOO 

A.    W.    Evans    and 

G.   E. 

Nichols, 

Bryophytes, 

100 

50 

E.  A.  White, 

Agaricacese, 

100 

75 

G.  P.  Clinton, 

. 

Downy  Mildews,     . 

SO 

25 

H.  W.  Conn, 

,              , 

Algae    and     Bacteria    of 

fresh   water. 

150 

250 

J.     H.     Sage    and 

L.    B. 

Bishop, 

. 

Birds,         .... 

200 

200 

W.  E.  Britton,      . 

. 

Hymenoptera     and    Or- 

thoptera, 

125 

75 

W,  R.  Coe, 

. 

Echinoderms, 

75 

25 

The  fact  will  be  noted  that  the  compensation  is  in  all 
cases  very  small  in  relation  to  the  amount  of  work  done 
and  the  grade  of  ability  and  attainment  of  the  scientific 
men  employed.  The  work  has  been  indeed  on  the  part  of 
all  who  have  been  engaged  in  it  a  labor  of  love. 

LEGISLATION  DESIRED  IN   REGARD  TO   PUBLICATION 
OF  THE  REPORTS  OF  THE  SURVEY. 

In  our  first  Biennial  Report  attention  was  called  to  the 
fact  tfiat  the  general  law  of  the  state  allows  only  1375  copies 
of  any  official  report  to  be  printed,  and  that  such  an  edi- 
tion is  altogether  inadequate  for  the  bulletins  of  the  Sur- 
vey. It  is  desired  that  the  bulletins  of  our  Survey  should 
be,  as  is  customary  in  other  states,  widely  distributed  to 
colleges,  scientific  institutions,  public  libraries,  scientific 
men,  teachers,  and  others.  The  editions  of  similar  reports 
published  by  other  states  are  never  less  than  1500,  and 
generally  range  from  3000  to  8000.  In  our  former  report 
we  recommended  that  3000  copies  of  the  Biennial  Report, 
4500  of  the  Manual  of  Connecticut  Geology  and  the  report 
of  Messrs.  Sage  and  Bishop  on  Birds,  and  3500  of  the  other 
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bulletins  then  in  preparation,  should  be  printed.  At  the 
last  session  of  the  General  Assembly  a  resolution  was 
adopted  authorizing  the  printing  of  the  desired  number  of 
copies  of  so  many  of  the  bulletins  as  should  be  ready  for 
printing  before  January  i,  1907.  As  the  authorization 
granted  by  this  resolution  lapses  before  the  beginning  of 
the  ensuing  session  of  the  General  Assembly,  it  is  neces- 
sary for  us  now  to  request  the  General  Assembly  to  author- 
ize the  printing  of  editions  of  the  bulletins  to  be  published 
in  the  near  future  larger  than  is  permitted  by  the  general 
law.  As  is  apparent  from  what  has  already  been  said,  the 
bulletins  which  will  soon  be  issued  present  much  variety  of 
contents,  some  of  them  being  of  a  more  popular  character 
and  appealing  to  a  larger  constituency  than  others.  The 
respective  numbers  of  copies  of  the  bulletins  to  be  pub- 
lished in  the  near  future,  necessary  to  meet  the  demand 
which  may  be  reasonably  anticipated,  are  as  follows: — 


Author 

Subject                                      No. 

of  Copies 

H.  E.  Gregory,     . 

Bibliography       of       Connecticut 

Geology, 

3000 

J.  Barrel!.      .        .        .        . 

Rocks    of    Connecticut, 

3500 

F.  P.  Gulliver, 

Terraces  of  Thames  River, 

3000 

Conn.    Botanical    Society,    . 

Flora  of  Connecticut, 

4000 

A.  W.  Evans, 

Mosses  and  Liverworts, 

3000 

E.  A.  White, 

Fleshy    Fungi, 

3500 

G.  P.  Qinton, 

Downy   Mildews, 

3000 

H.  W.  Conn, 

Fresh-water  Algae, 

3500 

J.     H.     Sage     and     L.     B. 

Bishop,       .... 

Birds   of   Connecticut, 

4500 

W.  E.  Britton,      . 

Orthoptera  and  Hymenoptera, 

3500 

W.  R.  Coe, 

Echinoderms, 

3500 

We  accordingly  respectfully  recommend  that  a  number 
of  copies  of  each  of  the  above  named  bulletins  may  be 
authorized  to  be  printed,  in  addition  to  the  1375  copies  pre- 
scribed by  the  general  law,  sufficient  to  amount  to  the 
numbers  above  specified. 
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PLANS  FOR   FUTURE  WORK. 
/.     Geology. 

It  may  be  said  in  general  that  much  more  of  detailed 
work  will  be  required  than  has  yet  been  given  to  many 
parts  of  the  state.  The  Manual  of  Geology  and  the  Geo- 
logical Map  which  are  now  in  press  must  be  considered 
as  reports  of  progress  and  not  as  final  reports  upon  the 
geology  of  the  state.  It  has  been  deemed  wise  to  publish 
these  two  bulletins  as  representing  the  present  state  of  our 
knowledge,  rather  than  to  wait  an  indefinite  period  for 
the  correction  of  all  errors  and  the  supplementing  of  all 
deficiences.  But  the  geological  work  which  has  been  done 
in  some  parts  of  the  state  is  little  more  than  reconnoissance. 
This  is  especially  true  of  the  crystalline  rocks  of  eastern 
Connecticut.  It  is  possible  that  the  prosecution  of  detailed 
work  in  the  field  may  bring  to  light  facts  which  will  lead 
to  important  changes  in  our  general  conception  of  the 
geological  history  which  those  rocks  represent. 

In  the  important  department  of  glacial  geology,  only  a 
beginning  has  been  made.  Much  of  the  work  which  has 
been  done  in  the  study  of  terraces  and  other  Quaternary 
formations  has  been  largely  vitiated  by  theoretical  notions 
now  believed  to  be  erroneous.  Evidently  a  large  amount 
of  work  must  be  done  before  the  Glacial  and  post-Glacial 
history  of  our  state  can  be  understood.  The  detailed  in- 
vestigation by  Dr.  Gulliver  in  regard  to  the  terraces  of  the 
Thames  estuary  is  an  example  of  the  kind  of  work  which 
needs  to  be  done  in  other  localities.  Professor  Gregory  has 
made  a  beginning  of  a  general  study  of  the  Quaternary  for- 
mations of  the  state ;  but  a  large  amount  of  work  must  be 
done  before  any  satisfactory  map  of  our  Quaternary  for- 
mations can  be  prepared. . 

A  report  on  the  mineralogy  of  our  state  would  be  very 
useful.  A  simple  list  of  minerals  found  in  the  different 
towns  of  the  state  has,  indeed,  been  published  in  Dana's 
standard  works  on  Mineralogy ;  but  a  report  on  the  min- 
eralogy of  the  state  should  give  a  somewhat  detailed  de- 
scription  of   the   important   mineral   localities,   illustrated, 
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when  necessary,  by  sketch  maps;  and  should  ako  treat 
of  the  geological  relations  of  the  various  minerals., 

Another  subject  on  which  a  bulletin  would  be  desirable 
is  the  fossil  fishes  of  the  Triassic  formation.  Our  knowl- 
edge of  fossil  fishes  in  general  has  advanced  considerably 
since  the  publication  of  Newberry's  Fossil  Fishes  of  the 
Triassic  (Monograph  No.  14  of  the  United  States  Geological 
Survey).  Extensive  collections  of  the  fossil  fishes  of  Con- 
necticut are  to  be  found  in  the  museums  of  Yale  and  Wes- 
leyan,  and  also  in  possession  of  the  United  States  Geologi- 
cal Survey;  and  a  monograph  written  in  the  light  of  most 
recent  knowledge  would  be  very  desirable. 

The  work  of  the  United  States  Geological  Survey  in^ 
testing  the  fuel  value  of  various  mineral  hydrocarbons  has 
awakened  great  public  interest  in  the  deposits  of  peat.  It 
has  long  been  known  in  a  vague  and  general  way  that  Con- 
necticut, like  all  other  regions  in  which  the  preexistent 
drainage  was  disturbed  by  the  ice  sheet  of  the  Glacial 
period,  possesses  extensive  deposits  of  peat;  but  nothing 
is  definitely  known  in  regard  to  the  area,  or  depth,  or  quality 
of  the  peat  deposits  of  Connecticut.  An  investigation  which 
-should  be  undertaken  at  an  early  date,  is  a  detailed  survey 
of  the  peat  deposits  of  Connecticut.  Such  an  investigation 
may  result  in  the  revelation  of  an  important  item  of  our 
resources. 

//.     Botany. 

It  is  unnecessary  for  the  State  Survey  to  publish  a 
manual  giving  descriptions  of  flowering  plants  or  of  ferns 
and  their  allies,  since  there  are  books  readily  accessible  to 
the  public  that  treat  in  a  full  and  satisfactory  way  the  sys- 
tematic botany  of  the  higher  groups  of  plants.  An  investi- 
gation which  the  State  Survey  might  appropriately  under- 
take would  be  the  study  of  the  distribution  of  plants  with 
reference  to  altitude,  geological  formation,  distance  from 
the  sea,  temperature,  and  rain-fall,  and  the  grouping  of 
plants  into  plant  societies  in  different  areas  —  in  short,  the 
study  of  what  is  now  called  the  ecology  of  plants. 
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While  there  is  no  lack  of  works  accessible  to  the  pub- 
lic on  the  phanerogams  and  the  higher  cryptogams,  the 
case  is  very  different  with  the  lower  cryptogams,  to  which, 
in  general,  much  less  attention  has  been  given.  The  work 
of  Professor  White  on  some  of  the  groups  of  large  and 
conspicuous  fung^,  of  Dr.  Clinton  on  some  of  the  micro- 
scopic parasitic  fungi,  and  of  Professor  Conn  on  the  fresh- 
water algae  and  bacteria,  is  a  good  beginning;  but  much 
work  remains  to  be  done  in  that  field. 

///.     Zoology, 

One  of  the  plans  which  were  discussed  among  those  who 
were  interested  in  the  establishment  of  a  State  Natural 
History  Survey,  even  before  the  organization  of  the  Survey 
was  eflfected,  was  that  of  making  a  complete  study  of  the 
life,  and  particularly  of  the  minute  life,  of  our  fresh  waters, 
both  in  the  interest  of  pure  science,  and  in  the  thought  of 
possible  economic  results  from  the  knowledge  of  distribu- 
tion of  organisms  in  reservoirs  and  other  sources  of  the 
water  supply  of  the  community.  In  accordance  with  this 
general  plan.  Professor  Conn  is  engaged  in  the  study  of  the 
protozoa,  algae,  and  bacteria  of  our  fresh  waters.  This 
study  should  be  extended  to  include  all  the  other  groups  of 
organisms  living  in  our  fresh  waters.  A  thorough  study, 
for  instance,  of  the  minute  Crustacea  that  abound  in  our 
fresh  waters,  would  be  interesting  and  valuable. 

Dr.  Britton  and  his  collaborators  will  soon  have  ready 
for  publication  elaborate  and  important  papers  on  two 
groups  of  insects,  the  hymenoptera  and  the  orthoptera. 
There  are,  however,  other  groups  of  insects,  more  numerous 
than  these,  including  larger  numbers  of  species  economi- 
cally important  for  the  good  or  the  evil  which  they  do  to 
agricultural  interests.  It  is  obviously  desirable  that,  in  the 
near  future,  similar  studies  should  be  made  of  other  groups 
of  insects. 

Connecticut  ha>  a  long  coast  line  and  a  varied  marine 
fauna,  including  a  number  of  useful  species  and  some  very 
decidedly    injurious   ones.      Practically   nothing   has   been 
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published  on  the  marine  invertebrate  faunji  of  our  coast, 
with  the  exception  of  descriptions  of  particular  species  and 
other  papers  on  technical  details,  since  the  paper  by  Verrill 
and  Smith  on  the  Invertebrate  Animals  of  Vineyard  Sound, 
published  in  the  report  of  the  United  States  Commissioner 
of  Fish  and  Fisheries  for  1871-2.  A  series  of  papers  on  the 
various  groups  of  marine  animals,  with  analytical  keys 
to  families  and  genera,  and  with  due  notice  of  those  species 
whose  utility  or  injuriousness  makes  them  of  ecbnomic  im- 
portance, would  be  invaluable  to  teachers,  and  might  also 
be  of  considerable  utility  to  the  fisheries  of  the  state. 

THE  NEED   OF   FURTHER  APPROPRIAtlONS. 

While  it  is  believed  that  the  investigations  which  have 
been  undertaken  under  the  auspices  of  the  State  Survey,  and 
the  publications  in  which  the  results  of  these  investigations 
have  been  or  will  be  embodied,  are  important  scientifically, 
educationally,  and  economically,  it  is  at  once  obvious  that 
the  work  completed  or  in  progress  is  only  a  very  small  part 
of  the  work  which  may  appropriately  be  done  by  such  a 
Survey.  If  it  was  wise  to  establish  a  State  Survey  in  1903, 
it  is  wise  now  to  continue  it  and  provide  the  necessary 
appropriation  for  its  maintenance. 

Many  of  the  other  states  are  carrying  on  at  the  present 
time  geological  surveys  on  a  much  larger  scale  than  that  of 
our  own  state.  For  instance.  North  Carolina,  Wisconsin, 
and  New  Jersey  have  been  appropriating  in  recent  years 
$10,000  annually  for  the  work  of  their  geological  surveys, 
exclusive  of  the  cost  of  publication.  Maryland  appropriates 
$10,000  a  year  for  its  geological  survey,  inclusive  of  the  cost 
of  publication,  but  exclusive  of  much  larger  appropriations 
for  topographical  work  and  improvement  of  highways. 
Alabama  appropriates  $7,500  per  year;  Ohio,  $2,900;  Michi- 
gan, $8,000;  Indiana,  $7,620;  Vermont,  $1,550;  West  Vir- 
ginia, $7,000;  Georgia,  $8,000.  Kansas  appropriates  $3,000 
for  its  geological  survey,  exclusive  of  the  salary  of  the 
director.  All  of  these  appropriations  (except  that  of  Mary- 
land) are  exclusive  of  the  cost  of  publication  of  the  results 
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of  the  survey.  Most  of  these  appropriations,  moreover,  are 
for  geology  alone.  Ohio  is  agitating  for  the  establishment 
of  a  natural  history  survey,  in  addition  to  its  geological 
survey.  The  comparison  with  other  states  makes  it  obvious 
that,  in  the  appropriation  of  $3,000  for  the  biennial  term, 
Connecticut  is  not  erring  in  the  direction  of  too  lavish  ex- 
penditure.* 

The  history  of  the  state  surveys  in  other  states  shows  a 
differentiation,  more  or  less  definite,  of  surveys  that  have 
been  established,  into  two  classes.  In  some  instances, 
-appropriations  have  been  made,  generally  somewhat  liberal 
in  amount,  for  a  very  short  term  of  years,  in  the  expectation 
that  final  reports  on  all  the  subjects  treated  should  be  pub- 
lished, and  the  survey  should  be  discontinued.  In  other 
cases,  the  plan  of  annual  appropriations  has  been  followed, 
often  comparatively  small  in  amount,  continuing  somewhat 
permanently.  The  state  of  New  York,  for  instance,  though 
it  has  at  present  no  institution  bearing  the  title  of  State  Geo- 
logical Survey,  has  been  maintaining  geological  and  bio- 
logical investigations  and  publishing  reports  of  the  same  al- 
most continuously  for  more  than  sixty  years.  There  is  cer- 
tainly much  to  be  said  in  favor  of  the  plan  of  moderate  ap- 
propriations continued  permanently,  as  contracted  with  the 
plan  of  large  appropriations  for  a  few  years.  In  the  nature  of 
the  case,  it  is  impossible  that  the  study  of  the  geology  or  the 
biology  of  a  state  should  ever  be  exhausted.  The  advance 
of  science,  while  it  solves  some  problems,  suggests  new 
ones.  The  changes  which  are  being  made  continually  in  the 
processes  of  arts  and  manufactures  bring  into  use  from  time 
to  time  new  forms  of  raw  material  and  create  a  demand 
therefor.  The  study  of  the  products  and  resources  of  any 
area,  whether  from  the  scientific  or  from  the  economic 
standpoint,  takes  on  from  time  to  time  new  meanings  with 
the  progress  of  science  and  art. 

If,  then,  final  reports  are  issued  and  a  survey  discon- 
tinued,  a  new   survey   is   imperatively   demanded   after  a 


•  The  numerical  statements  in  this  paragrraph  were  obtained  in  i(;o5.  There  may 
have  been  changes  in  the  amount  of  the  appropriations  by  more  recent  legislation 
in  some  of  the  states. 
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lapse  of  not  many  years.  A  survey  continued  as  a  per- 
manent institution  with  a  moderate  appropriation  each 
year  is  able  to  do  its  work  economically,  in  that  it  can 
largely  employ  the  services  of  teachers  in  colleges  and  other 
institutions  and  to  some  extent  of  amateur  scientists,  who 
are  willing  to  work  in  vacations  or  at  odd  times  for 
merely  nominal  compensation.  If,  on  the  other  hand,  a 
survey  is  to  be  hurried  up  and  final  reports  produced  within 
a  period  of  a  very  few  years,  a  considerable  corps  of  scien- 
tific workers  must  be  engaged,  and  salaries  paid  which  will 
command  substantially  their  whole  time.  A  permanent 
survey  can  adjust  its  work  from  time  to  time  to  special 
conditions,  both  of  supply  and  demand.  It  can  avail  itself 
of  important  investigations  which  have  been  commenced 
by  various  scientists  within  or  without  the  state,  and  thus 
afford  a  medium  for  the  publication  of  researches  of  im- 
portance which  might  otherwise  remain  long  unpublished. 
It  can  turn  its  attention  from  time  to  time  to  particular 
natural  products  in  which  popular  interest  may  be  excited, 
as,  for  instance,  in  the  case  of  peat  deposits  at  the  present 
time.  Its  work  may  thus  have  an  added  valvre,  dependent 
upon  its  timeliness.  It  can  revise  and  correct  its  own 
work  when  the  progress  of  science  demands  it,  by  the  publi- 
cation of  supplementary  reports'. 

It  is  not  probable  that  the  state  of  Connecticut  will 
make  at  present  any  large  appropriation  for  the  State  Sur- 
vey. It  should  certainly  provide  for  the  continuance  of  a 
moderate  appropriation,  and  it  would  seem  entirely  reason- 
able that  there  should  be  some  increase  of  the  very  small 
appropriation  which  has  been  made  for  the  present  and  the 
previous  biennial  term. 
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A  Preliminary  Report  on  the  Algae  of  the  Fresh 
Waters  of  Connecticut. 


INTRODUCTION. 


The  present  report  is  designed  to  accompany  the  previous 
repwt  upon  the  Fresh-water  Protozoa,  Bulletin  No.  2  of  this 
Survey.  Like  that  report,  it  is  not  claimed  to  be  complete, 
nor  by  any  means  to  contain  all  of  our  Algae.  But,  the  work 
having  covered  considerable  parts  of  four  years,  it  is  thought 
that  it  will  be  found  to  contain  most  of  the  common  Algae  in 
this  state,  and  will  therefore  be  useful  as  a  guide  to  students  of 
the  microscopy  of  our  waters.  To  wait  until  all  omissions 
could  be  filled  would  clearly  postpone  unduly  the  publication 
of  any  report.  For  these  reasons  this  preliminary  report  is 
issued  at  the  present  time. 

Work  upon  the  Algae  is  scattered  somewhat  widely  in  books 
and  in  journals.  We  have  found  most  valuable.  The  British' 
Fresh-water  Alga,  by  West.  WoUe's  Fresh-water  Alga  of 
the  United  States,  and  his  similar  work  on  the  Desmids,  have 
also  been  found  extremely  useful.  The  magnificent  work  of 
Engler  and  Prantl  has  been  found  of  great  value,  as  has  also 
Die  Mikroskopische  PHanzenwelt  des  Susswassers  by  Kirchner, 
and  the  Analytical  Keys  of  Genera  and  Species  of  the  Fresh- 
zvater  Alga  by  Stokes.  The  most  useful  publication  upon  a 
single  group  has  been  that  of  Hazen  —  The  Ulotrichacea  and 
Chatophoracea,  in  the  Memoirs  of  the  Torrey  Botanical  Club, 
XXII,  1902. 

The  key  that  we  have  adopted  in  this  Bulletin  is  based  upon 
that  given  by  West.  We  have  used  this  because  in  our  experi- 
ence it  has  been  found  to  be  the  most. practical  and  useful. 
We  have,  however,  modified  it  in  several  respects  to  make  it 
correspond  to  the  key  used  in  the  Bulletin  on  the  Protozoa. 
As  so  modified,  we  think  it  will  be  found  very  easy  of  use  for 
microscopists  who  are  beginning  the  study  of  the  Algae. 
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We  have  adopted  the  plan  used  in  the  Bulletin  on  the  Pro- 
tozoa of  indicating  by  a  ^  in  the  analytical  keys  the  genera  that 
have  been  found  in  our  waters.  In  a  number  of  cases  tBe 
genera  thus  indicated  have  not  yet  been  found  by  ourselves, 
although  known  to  occur  in  Connecticut.  We  have  given  de- 
scriptions of  all  the  genera  likely  to  be  found  in  this  vicinity, 
whether  already  known  to  occur  in  Connecticut  qr  not. 

So  far  as  possible  we  have  determined  tlw  species  of  the 
forms  studied  and  figured.  While  there  is  considerable  varia- 
tion among  the  individuals  of  the  same  species  of  Algae,  it  is 
less  than  among  the  Protozoa,  and  it  is  less  difficult  to  deter- 
mine species.  In  most  cases  there  has  been  little  difficulty 
in  affixing  specific  as  well  as  generic  names  to  the  Algae  found. 
In  some  genera  the  determination  of  species  is  nearly  im- 
possible without  the  whole  life  history  of  the  specimen  under 
consideration.  In  the  genus  Spirogyra,  for  instance,  the 
species  are  determined  with  certainty  only  when  one  has  the 
zygospores  for  study.  The  ordinary  student  of  Algae  is  seldom 
so  fortunate  as  to  have  the  zygospores,  and  must  in  these 
cases  make  his  determination  from  other  characters.  We  have, 
therefore,  in  these  cases  determined  the  species  as  well  as 
possible  from  the  general  structure  of  the  plant,  thinking  this 
to  be  more  practical  than  to  rely  upon  the  more  rarely  seen 
zygospores. 

The  figures  have  all  been  drawn  from  nature,  and  all  from 
specimelis  found  by  ourselves  in  our  waters.  A  majority  of 
them  have  come  from  the  immediate  vicinity  of  Middletown. 
Collections  have  been  made  from  other  parts  of  the  state,  but 
these  other  localities  have  not  yet  yielded  many  forms  not 
represented  in  this  immediate  vicinity.  The  Algae  have  not 
been  to  a  very  large  extent  obtained  from  city  reservoirs,  since 
these  localities  are  not  very  profuse  in  this  kind  of  life.  Road- 
side pools,  ditches  by  railroads,  swamps,  stagnant  pools,  etc., 
have  been  more  prolific  sources  of  Algae. 

The  late  Isaac  Holden  made  during  his  life  large  collec- 
tions of  Algae  in  the  state.  The  largest  number  of  the  types 
that  he  collected  were  marine,  but  he  also  made  quite  exten- 
sive collections  of  the  fresh-water  forms-.  A  list  of  the  species 
identified  by  him  in  this  state  has  been  recently  published  by 
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F.  S.  Collins  (Phycological  Notes  of  Isaac  H olden,  in  Rhodora, 
vol.  7,  p.  222,  1905).  Since  he  identified  quite  a  number  of 
species  that  we  have  not  found,  we  have,  for  the  purpose  of 
making  this  report  as  complete  as  possible,  included  in  this 
list  all  the  species  reported  by  him  which  we  have  not  ourselves 
identified.  These  have  been  appended  to  our  own  list,  and 
are  distinguished  by  being  inclosed  in  square  brackets  [  ]. 
We  have  not  given  any  figures  of  his  species,  however,  all  of 
the  species  figured  having  been  personally  found  by  ourselves. 
In  a  few  cases  we  have  noted  the  collection  of  certain  species 
in  this  state  by  Hazen  and  by  Setchell.  No  other  extensive 
collections  of  Algae  are  known  to  us  as  having  been  made  in 
the  state. 

The  figures  of  plates  I  to  XXXI  were  drawn  by  Mrs. 
Webster,  except  figures  5,  8,  8a,  10,  28,  31,  45,  47,  49,  54,  54a, 
55»  57,  59»  65,  72,  72a,  73,  77,  77a,  102,  125,  and  147.  These 
together  with  the  figures  of  Plates  XXXII  to  XLIV 
were  drawn  by  Prof.  Conn.  Acknowledgment  is  also  made  to 
H.  J.  Conn  from  whose  work  and  sketches  many  of  the  figures 
of  Plates  XXXII  to  XLIV  have  been  drawn. 
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The  Alg^  are  flowerless  chlorophyll-bearing  water  plants* 
Although  scxnetimes  called  seaweeds,  they  are  not  confined 
to  salt  water,  but  are  found  in  every  body  of  fresh  water,  on 
damp  stones  and  soil,  and  on  the  trunks  of  trees.  They  are, 
however,  all  true  water  plants,  for  the  few  that  live  out  of 
water  can  flourish  only  in  the  presence  of  abundant  moisture. 

The  Algae  show  the  widest  variety  in  form,  size;  and 
structure.  They  may  be  unicellular  or  multicellular ;  they  may 
be  solitary,  or  gathered  into  larger  or  smaller  families;  they 
may  grow  in  all  directions  to  form  a  spherical  thallus,'  or  into 
plates  only  one  cell  thick,  or  into  branched  or  unbranched 
filaments.  When  multicellular,  all  the  cells  may  be  alike,  or 
there  may  be  a  differentiation  of  cells,  apical  and  root  cells, 
vegetative  and  sexual  cells  being  found.  The  filamentous 
thallus  may  present  the  appearance  of  a  highly  developed  plant, 
as  in  the  Rhodophyceae  or  Characeae,  or  may  be  a  single 
simple  thread,  as  in  the  Zygnemaceae. 

The  coloring  matter  of  the  Algae,  either  diffused  throughout 
the  cell  wall,  or  aggregated  in  special  bodies  called  chloroplasts, 
is  predominantly  green;  but  there  is  hardly  any  color  known 
which  cannot  be  found  in  these  plants,  the  colors  running  from 
orange  and  red  to  purple  and  black.  Their  size  differs  as 
greatly  as  their  color;  some  are  so  small  as  to  test  the  best 
microscopes,  while  others  stretch  two  hundred  feet  from  their 
marine  beds. 

The  Algae  multiply  both  by  the  sexual  and  the  asexual 
method.  The  asexual  method  is  universal,  the  sexual  is  more 
uncommon.  They  reproduce  asexually  in  three  ways: — i, 
By  simple  division  of  the  mother-cell.  In  the  multicellular 
forms  a  small  fragment  or  a  branch  may  separate  from  the 
mother  plant  to  form  a  new  one.  2,  By  means  of  spores, 
which  are  formed  from  the  contents  of  the  vegetative  cells,  and 
which  "have  each  a  cell  wall,  and  may  or  may  not  be  motile.    3, 
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By  swarm  spores,  which  lack  cell  walls  and  are  always  motile, 
usually  provided  with  cilia.  The  sexual  reproduction  is  of  two 
kinds: —  i,  Conjugation,  or  the  union  of  two  similar  or  nearly 
similar  cells  called  isogamous  gametes.  These  may  be  either 
motile  cells,  as  in  Ulothrix,  or  cells  of  the  thallus,  as  in  the 
Conjugate.  They  join  themselves  together,  and  their  con- 
tents fuse  to  form  a  new  cell,  a  zygote,  which,  after  a  short 
period  of  rest,  develops  into  a  new  plant.  2,  Sex  union  proper, 
or  the  union  of  two  entirely  different  cells,  one  of  which,  the 
male  or  sperm,  is  many  times  smaller  than  the  other,  the 
female  or  egg  —  heterogamous  gametes.  This  occurs,  for  ex- 
ample, in  Chara. 

The  Algae  are  found  from  the  Arctic  zone  to  the  Equator, 
and  no  genus  is  confined  to  a  single  latitude.  We  should 
sadly  miss  these  plants  if  they  were  all  destroyed.  They  do 
much  to  purify  the  atmosphere,  are  used  to  a  considerable  ex- 
tent in  medicine,  provide  food  for  fishes  and  for  men,  fodder 
for  cattle,  and  fertilization  for  the  ground. 

The  Algae  are  divided  into  classes  as  follows : — 

CLASS  I.  CYANOPHYCEJE  (Schizophyceae,  Myxophy- 
ceae,  or  Blue-green  Algae).  Containing  a  blue  coloring  matter 
(phycocyanin).    Mostly  in  fresh  water,  and  simple  in  structure. 

CLASS  n.  BACILLARIEJE  (Diatomaceae).  Containing 
a  brown  coloring  matter  (diatomin).  Universal  both  in  fresh 
and  salt  water. 

CLASS  in.  HETEROKONTJE  (Yellow-green  Algae). 
Containing  a  large  amount  of  a  yellow  pigment  (xanthc^hyll). 
The  stored  product  of  assimilation  is  a  fatty  substance.  Found 
in  fresh  water. 

CLASS  IV.  CHLOROPHYCEJE  (Green  Algae).  Con- 
taining only  the  green  coloring  matter  known  as  chlorophyll. 
The  product  of  assimilation  is  starch.  Very  largely  fresh- 
water plants. 

CLASS  V.  CHARACEJE.  Having  a  stem  with  nodes 
and  intemodes.    Sexual  reproduction. 

CLASS  VI.  PHJEOPHYCEJE  (Brown  Algae).  Con- 
taining a  brown  coloring  matter,  known  as  phycophaein. 
Mostly  marine. 
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CLASS  VII.  RHODOPHYCEiE  (Red  Algae).  Con- 
taining  a  reddish  coloring  matter  known  as  phycoerythrin. 
Mostly  marine. 

In  the  study  of  the  fresh-water  Algae  we  are  concerned 
chiefly  with  the  first  five  of  these  classes,  the  other  two  being 
practically  confined  to  salt  water,  although  a  few  of  them,  as 
noted  at  the  end  of  this  report,  are  inhabitants  of  fresh  water. 

CLASS  I.    CYANOPHYCEJE. 
(Myxophyceae,  Schizophyceae,  or  Blue-green  Algae)v 

The  class  Cyanophyceae  is  unquestionably  the  lowest  class 
of  the  Algae,  many  of  the  species  resembling  the  Bacteria. 
Their  most  conspicuous  characteristic  is  the  manner  in  which 
the  greater  number  of  the  genera  grow  in  gelatinous  masses 
or  strata.  They  are  largely  filamentous,  though  some  arc 
unicellular.  Some  of  them  grow  wherever  there  is  moisture, 
as  on  wet  rocks,  stones,  and  trunks  of  trees.  Some  of  the 
filamentous  genera  form  thick,  felt-like  coverings  upon  moist 
earth  and  stones.  Many  of  the  Cyanophyceae  are  provided 
with  heterocysts,  which  are  cells  of  lighter  color  and  often  of 
greater  size  than  the  other  cells  of  the  filament.  The  hetero- 
cysts are  almost  always  solitary  on  the  filaments,  and  their 
use  is  not  known. 

The  unicellular  and  simple  colonial  genera  multiply  princi- 
pally by  repeated  cell-division,  which  may  occur  in  every  direc- 
tion or  in  certain  directions  only.  Asexual  reproduction  of 
the  large  forms  takes  place  in  a  variety  of  ways.  In  some 
families  certain  vegetative  cells  enlarge  and  form  spores;  in 
others  the  contents  of  the  cells  divide  into  a  number  of  small 
spores.  The  Hormogoneae  reproduce  by  hormogones.  These 
are  short  filaments  arising  from  the  mother  plant,  which  break 
away  and  form  new  plants.     Sexual  reproduction  is  unknown. 

Some  of  the  Cyanophyceae  unite  with  Fung^  to  form 
Lichens,  in  which  case  they  lose  much  of  their  distinctive 
character. 

A  few  of  the  Cyanophyceae,  of  the  family  Oscillatoriaceae, 
are  distinguished  for  their  power  of  spontaneous  movement, 
which  is  generally  slow,  oscillating  or  gliding.     Many  of  this 
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family  have  a  disagreeable  odor,  giving  rise  to  unpleasant 
odors  and  tastes  in  drinking-water. 
There  are  two  orders,  as  follows : — 

Order  I.  C0CC0G0NE;E.  Plants  unicellular  or  colonial, 
not  truly  filamentous ;  commonly  embedded  in  a.  gelatinous  ma- 
trix, more  rarely  free-floating. 

Order  II.  HORMOGONE^.  Plants  filamentous ;  filaments 
single  or  branched,  generally  consisting  of  one  or  more  rows 
of  cells  within  a  sheath,  attached  to  a  substratum,  or  free- 
floating. 

ORDER  I.    COCCOGONE^. 

The  Coccogoneae,  the  lowest  form  of  the  Algae,  are 
unicellular  or  colonial.  The  colonies  vary  much  in  size  and 
shape,  and  the  cells,  which  are  of  various  forms,  are  disposed 
in  a  variety  of  ways  in  the  usually  hyaline  and  structureless 
envelope.  Multiplication  is  usually  by  simple  cell  division. 
Rounded  asexual  spores  have  been  found  in  some  species, 
formed  inside  the  wall  of  the  mother-cell. 

FAMILY   I.      CHROOCOCCACEiE. 

This  family  is  composed  of  unicellular  forms  of  Algae  which 
divide  and  form  daughter-cells;  often  many  generations  are 
involved  in  one  mucilaginous  envelope.  The  envelope  varies 
from  firm  and  lamellose  to  hyaline  and  diffluent.  The  cells 
often  contain  red,  orange,  or  violet  pigments.  The  members 
of  this  family  have  been  thought  to  be  stages  of  filamentous. 
Algae,  and  WoUe  so  regarded,  them ;  but  more  recent  algologists 
give  them  a  distinct  place  of  their  own. 

Key  to  Genera. 

1.  Cell  division  in  only  one  direction' 2 

Cell  division  in  two  directions  at  right  angles,  form- 
ing plate-shaped  or  irregular  masses  .  .Merismopedia* 

Cell  division  alternate  in  the  three  directions  of  space      4 

2.  Cells  with  thin  membrane,  without  a  gelatinous  or 

mucous  envelope,  single  or  hanging  together  in 
thick  rows   Synechococcus 
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Cells  with  thick,  swollen  membranes,  which  merge 
into  one  another  and  lie  in  a  gelatinous  or  mucous 
bed 3 

3.  The  thick  membrane  remains  present  through  several 

generations,  so  that  the  cells  are  enclosed  in  several 

membranes ;  cells  elongated Glaothece 

Cell  membranes  fused  into  a  structureless  jelly  in 
which  the  cells  are  arranged  without  order;  cells 
slightly  longer  than  broad Aphanothece 

4.  Cells  at  the  periphery  of  spherical  colonies 5 

Cells  densely  aggregated  in  spherical,  elongated,  or 

clathrate  colonies  Microcystis* 

Colonies  without  definite  form 6 

5.  Cells  spherical,  closely  and  regularly  arranged  around 

a  hollow  sphere CoelosphtBrium* 

Cells  peripheric,  sparsely  scattered Gomphosphtgria 

6.  Cells  enclosed  in  a  thick  membrane Glceocapsa^ 

Cells  not  enclosed 7 

7.  Cells  with  thick,  gelatinous,  fusing  membranes 

Aphanocapsa* 
Cells  single  or  in  small  groups,  with  membranes 
which  do  not  fuse Chroococcus* 

Description  of  Genera. 

Merismopedia  Meyen. —  Cells  spherical,  or,  at  time  of 
division,  oblong.  Their  regular  method  of  division  produces 
groups  of  4,  8,  16,  32,  64,  or  128  cells,  associated  in  a  single 
stratum,  making  a  flat,  freely  floating,  square  thallus. 

M.  glauca  (Ehrb.)  Nag.,  Fig.  3. 

M.  convoluta  Breb.,  Fig.  4. 

Synechococcus  Nag. —  Cells  cylindrical  or  oblong,  found 
singly  or  in  series  of  two  or  more ;  cell  wall  thin. 

Gloeothece  Nag. —  Cells  oblong  or  cylindrical,  with 
rounded  ends.  The  cells  divide  into  two  nearly  spherical 
daughter-cells.  The  colorless  gelatinous  tegument  may  con- 
tain one  or^often  more  cells,  and  this  tegument  may,  in  turn, 
be  included  in  a  larger  t^^ument  with  a  family. 
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Aphanothece  Nag. —  Very  like  GUeothece,  with  cells 
longer  than  broad;  but  the  teguments  are  confluent,  forming 
a  firm  gelatinous  body  which  encloses  the  cells. 

Microcystis  Kutz.  (Polycystis  Ktitz.;  Clathrocystis 
Henfrey). —  Numerous  small  cells  gathered  into  globular,  ob- 
long or  irregular  families,  each  with  a  thin  tegument,  usually 
single  but  sometimes  associated  with  .other  families,  and  all  en- 
closed in  a  common  tegument.  The  cells  divide  alternately  in 
three  directions. 

M.  (pruginosa  (Kiitz.)  (?),  Figs.  9,  9a.  Sometimes  very 
abundant  in  reservoirs  and  giving  an  unpleasant  taste  to  the 
water.    Frequently  thus  associated  with  Anabana, 

Coelosphaerium  Nag. —  Thallus  hollow,  spherical,  with 
numerous  small  spherical  cells  in  families,  or  scattered  at  the 
periphery,  embedded  in  a  gelatinous  stratum.  Multiplication 
takes  place  by  means  of  enlarged  cells  which  ^scape  and  form 
daughter-cells,  or  by  constriction  and  division  of  the  mother- 
cells. 

C  Kuetzingianum    Nag.,  Fig.  7. 

Gomphosphaeria  Ktitz. —  A  globose,  free,  floating  thallus, 
composed  of  wedge-shaped  cells,  in  pairs,  associated  in  radi- 
ating families  at  the  periphery  of  a  solid  gelatinous  sphere,  and 
furnished  with  a  tegument.  The  cells  divide  alternately  in 
three  directions. 

Gloeocapsa  Kiitz. —  Cells  blue-green,  steel-blue,  reddish, 
yellowish,  etc.,  spherical  or  oblong,  with  a  wide,  bladder-shaped 
integument.  The  cells  divide  into  two  daughter-cells,  each 
furnished  with  a  tegument  and  both  surrounded  by  the  tegu- 
ment of  the  mother-cell.  The  cell  membrane  is*very  thick, 
often  lamellated,  and  the  strata  frequently  separate;  either 
colorless  or  colored. 

G.  arenaria  (Rab.)  (  ?),  Figs.  8,  8a.  The  specific  distinc- 
tions in  this  genus  are  very  uncertain. 

[G.  violacea  (Chorda)  Rab.] 

Aphanocapsa  Nag. —  Cells  spherical,  with  a  thick,  soft 
tegument;  cell  division  as  in  Gloeocapsa,  but  individual  coats 
not  evident  around  the  cell. 
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A,  Grevillei  (Hass.)  Rab.,  Fig.  lo.  Masses  of  this  jelly- 
like plant  frequently  reach  2mm.  in  diameter. 

Chroococcus  Nag. —  Blue-green  cells,  spherical,  or  an- 
gular from  mutual  pressure,  gathered  into  small  families  with- 
out a  distinct  tegument.  The  cells,  which  are  less  numerous  and 
more. simple  than  in  Glceocapsa,  divide  alternately  in  three 
directions. 

C.  coharens  (Breb.)Nag.,  Fig.  210. 

FAMILY   II.      CHAMwESIPflONIACE^. 

Not  represented  in  the  United  States. 

ORDER  II.    HORMOGONE^. 

This  order  contains  all  the  filamentous  Myxc^hyceae. 
The  filaments  usually  consist  of  a  single  row  of  naked  or 
sheathed  cells,  but  in  some  genera  there  are  two  or  more  rows 
in  a  single  sheath.  Heterocysts  are  abundant  in  some  of  the 
genera.  The  filaments  are  often  branched  or  provided  with  a 
false  branch  system  due  to  the  growth  of  a  number  of  filaments 
in  close  apposition  at  the  base.  Asexual  reproduction  is  by 
hormogones  or,  more  rarely,  by  spores.  The  filaments  or 
trichomes  are  usually  cylindrical  with  blunt  or  narrowed  ex- 
tremities, but  some  genera  show  a  gradual  attenuation,  either 
from  the  base  to  the  apex,  or  from  the  centre  toward  each  end. 

This  order  includes  two  sub-orders. 

SuB-ORDER.i.  TRICHOPHORELC.  Trichomes  conspicu- 
ously attenuated  towards  one  or  both  extremities,  which  are 
generally  hairy. 

Sub-order  ii.  PSILONEMATE-^.  Trichomes  cylindrical, 
though  sometimes  narrowed  at  the  extremities. 

SUB-ORDER  I.    TRICHOPHORELC. 

A  small  group  with  the  filaments  always  attenuated,  either 
toward  one  end  or  from  the  middle  to  both  extremities,  and 
always  sheathed.  Some  genera  are  provided  with  heterocysts. 
There  is  an  asexual  reproduction  by  means  of  hormogones,  but 
in  Glceotrichia  the  basal  cells  next  the  heterocysts  develc^ 
spores.  The  threads  frequently  show  hair-like  projections 
from  their  sides. 
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^    FAMILY  I.      RIVULARIACEiB.     * 

Abundant  in  mountainous  regions,  found  principally  on 
dripping  rocks,  in  streams  and  waterfalls,  or  on  the  shores  of 
rocky  lakes.  Our  collections  not  having  included  such  locali- 
ties, this  family  is  not  represented  in  our  figures.  The  fila- 
ments are  all  attenuated  from  a  long  base  to  a  hair-like  end. 
One  or  two  heterocysts  are  usually  located  at  the  base.  The 
sheath  is  yellow  or  yellowish-brown,  gelatinous,  tubular,  and 
often  thoroughly  lamellated.  Asexual  reproduction  by  hormo- 
gones,  and  in  GUeotrichia  and  Calothrix  asexual  spores  arise 
near  the  basal  heterocysts. 

Key  to  Genera. 

1.  Without  heterocysts Atnphithrix* 

With  heterocysts 2 

2.  Filaments    without   gelatinous    integument,    simple, 

growing  in  branched  or  unbranched  tufts,  or  some- 
times singly Calothrix* 

Filaments  without  gelatinous  integument,  branched, 
several  branches  in  a  common  sheath Dichothrix'^ 

Filaments  with  a  gelatinous  integument,  forming  a 
gelatinous  or  mucous  covering 3 

3.  Filaments   radially   disposed;    thallus    spherical   or 

hemispherical  in  shape 4 

Filaments  not  radiating;  thallus  plain,  cushion- 
shaped     Isactis 

4.  Spores  present;    single-celled  or  with  heterocysts; 

colonies  free,  floating Glaotrichia* 

Spores  lacking;   colonies  attached Rivularia* 

Description  of  Genera. 

Amphithrix  Ktitz. —  The  filaments  form  a  thin  expanded 
stratum  of  a  purple  or  violet  color,  which  consists  of  two 
layers.  The  inferior  layer  is  composed  of  densely  intricate 
filaments,  or  of  minute  radiately  disposed  series  of  cells;  the 
superior  layer  of  simple  erect  filaments  closely  packed  and  at- 
tenuated. 

[A.  janthina    (Mont.)  Bom.  and  Flah.] 
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Calothrix  Ag.  (Mastigonema  Schwabe;  Mastigothrix 
Kiitz.,  in  part). —  Filaments  growing  in  tufts  or  soft  masses, 
rather  rigid,  straight  and  spuriously  branched.  The  branches 
are  younger  filaments  glued  at  their  bases  and  part  of  their 
length  to  the  parent  stem;  the  apex  is  delicately  hair-like. 
Heterocysts  are  normally  present  and  are  usually  at  the  base 
of  the  branches. 

[C  Braunii  Bom.  and  Flah. ;  C.fusca  (Kiitz.)  Bom.  and 
Flah.;  C.  parietina   (Nag.)  Thur.] 

Dichothrix  Zanard.  Filaments  more  or  less  dichotom- 
ously  branched ;  several  trichomes  with  their  sheaths  enclosed 
within  an  outer  common  sheath.  Heterocysts  basal,  or  inter- 
calary, or  absent  in  one  species. 

[D.  gypsophila  (Kiitz.)  Bom.  and  Flah.;  D.  Hosfordii 
(WoUe)  Born,  and  Flah.;  D.  Orisiniana  (Kutz.)  Bom.  and 
Flah.] 

Isactis  Thur.  The  filaments  are  erect  and  parallel,  at- 
tached at  the  base.  They  are  glued  together  by  a  more  or  less 
firm  mucilage,  and  are  often  encmsted  with  lime,  forming  flat 
strata. 

Glceotrichia  J.  Ag.  The  filaments,  with  spores  in  the 
lower  part,  are  radiate,  sometimes  spuriously  branched,  each 
enclosed  in  a  distinct,  broad  sheath,  which  is  often  furrowed 
at  the  base  and  transversely  folded.  All  the  filaments  are 
enclosed  in  a  more  or  less  spherical  jelly. 

G,  Pisutn    (Ag.)  Thur.,  Fig.  214. 

Rivularia  (Roth.)  Ag.  (Zonotrichia  J.  Ag.;  Lininactis 
Kiitz. ;  Schizosiphon  Kiitz.,  in  part). 

Filaments  radiating,  with  basal  heterocysts,  but  no  spores. 
A  more  or  less  firm  mucilage  binds  the  filaments  into  a  hemi- 
spherical or  bladder-like,  well-defined  thallus.  One  species  of 
RiznUaria  has  been  found  in  our  studies,  but  no  figure  of  it  is 
given  in  this  report. 

FAMILY   II.      CAMPTOTRICHACE^. 

Not  found  in  the  United  States. 
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SUB-ORDER  II.    PSILONEMATEiE. 

This  sub-order  contains  the  greater  part  of  the  Hormo- 
gonese.  The  filaments,  with  or  without  a  sheath,  are  cylindri- 
cal, sometimes  showing  globular  swelling^.  The  sheath  may 
be  very  thin,  hyaline  and  gelatinous,  or  tough  and  lamellose. 
The  apical  cell,  or  sometimes  that  and  the  sub-apical  cell,  are 
occasionally  attenuated,  or  the  filaments  may  end  obtusely. 

Key  to  Families, 

1.  Filaments  showing  true  branching stigonemaceje 

Filaments    showing    false    branching;     heterocysts 

present scytonemace^ 

FiJaments  usually  simple,  without  branching;  where 
they  show  false  branching  they  are  without  hetero- 
cysts          2 

2.  Filaments  nearly  straight;   heterocysts  absent 

OSCILLATORIACEiE 

Filaments  tortuous ;    heterocysts  present 

NOSTOCACEiE 
FAMILY  I.      OSCILLATORIACEiE. 

The  distinguishing  feature  of  this  family,  which  is  the 
largest  one  of  the  Psilonemateae,  is  the  absence  of  heterocysts. 
The  trichomes  are  a  single  and  regular  row  of  cells,  although 
occasionally  false  branching  is  seen.  Sometimes  the  cells  are 
so  closely  joined  that  the  whole  seems  a  perfectly  homogeneous 
cylinder;  but  at  other  times  there  are  constrictions  atj;he  ends 
of  the  cells.  Apical  cell  sometimes  attenuated.  The  filaments 
are  nearly  always  in  sheaths  of  various  character,  which  some- 
times enclose  more  than  one  filament.  Some  of  the  genera 
show  gliding  or  rotary  motion.  They  occur  in  great  profusion, 
submerged  in  ponds  and  ditches,  or  form  scums  upon  their 
surface. 

There  are  two  sub- families,  as  follows :  — 

Sub-family  I.  LYNCBYEiE.  Only  one  trichome  in  a 
sheath. 

Sub-family  II.  vaginarie/E.  Several  trichomes  in  one 
sheath  which  is  often  branched. 


Digitized  by  VjOOQIC 


l8  CONNECTICUT   GEOL.    AND   NAT.    HIST.    SURVEY.        [BulL 

SUB-FAMILY  I.      LYNGBYEiE. 

In  this  sub-family  there  is  never  more  than  one  trichoma 
in  a  sheath,  and  the  sheath  may  be  thick  or  thin,  or  even 
wanting.  In  some  genera  the  trichomes  are  twisted.  The 
cells  may  be  of  varying  thickness  and  length,  but  usually  the 
thicker  the  trichome  the  shorter  the  cell.  Oscillatoria,  Phor- 
midium,  and  Spirulina  exhibit  a  rotary  or  gliding  motion. 

Key  to  Genera. 

1.  Trichomes  consisting  of  many  cells 2 

Trichomes  consisting  of  one  cell,  spirally  twisted. . . . 

Spirulina* 

2.  Filaments  simple,  or  falsely  branched ;  sheaths  firm ; 

apices  of  filament  straight 3 

Filaments  simple;  sheaths  thin,  always  hyaline, 
mucous,  and  more  or  less  readily  fusing  together ; 
apices  of  trichomes  straight ;  oscillating  or  rotary 
motion  evident 4 

3.  Filaments  free,  or  forming  felt-like  masses ;  pseudo- 

branches  present,  often  in  pairs Plectonema* 

Filaments  forming  erect  tufts ;  pseudo-branches  often 

present  and  solitary Symploca 

Filaments   free   and   unbranched;    free-floating,   or 

forming  a  matted  stratum Lyngbya* 

4.  Filaments  more  or  less  agglutinated  by  their  mucous 

sheaths ;  cells  of  filaments  often  slightly  separated 

by  a  thin  mucous  layer ]Phormidium* 

Filaments  destitute  of  sheaths ;  free,  straight  or  with 

curved  extremities Oscillatoria* 

Filaments  destitute  of  sheaths ;  twisted  into  a  regular 

spiral .Arthrospira* 

Description  of  Genera. 

Spirulina  Turp. —  Filaments  unicellular,  more  or  less 
motile,  spirally  twisted,  usually  surrounded  by  a  colorless, 
somewhat  liquid  mucilage. 

S.  tenuissima    Kiitz.,  Fig.  291, 
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^  Plectonema  Thur. —  Filaments  branched,  singly  or  in 
pairs,  quite  irregular,  each  filament  enclosed  in  a  separate 
sheath ;  cell  contents  deep  blue-green. 

[P.  Wollei    Farlow.] 

Symploca  Kutz. —  Filaments  simple  or  showing  mere  be- 
ginnings of  branches ;  in  a  more  or  less  distinct  sheath,  rising 
from  a  prostrate  base;  glued  together  into  anastomosing  or 
erect,  wick-like  clusters. 

^  Lyngbya  Ag.  (Leibleinia  Endlicher;  Leptothrix  Kutz., 
in  part;  Spirocoleus  Mobius,  in  part). —  Single  filaments  en- 
closed in  distinct  sheaths,  either  unbranched  or  with  a  sug- 
gestion of  branching  where  the  filaments  break  out  of  the 
sheaths.    Often  forming  a  membranous  stratum. 

L.sp.  (?),  Fig.  13. 

[L.  ochracea  (Kiitz.)  Thur.] 
^  Phormidium  Kutz.  (Hyphceothrix  Kiitz.,  in  part ;  Lep- 
tothrix Kiitz.,  in  part). —  A  genus  between  Lyngbya  and 
Oscillati^ria,  Filaments  simple,  clothed  with  a  thin,  hyaline 
sheath.  Sheaths  often  become  fused,  and  the  trichomes  are 
sometimes  so  numerous  as  to  form  mats  on  damp  ground, 
stones,  etc.  The  cells  are  sometimes  constricted  at  the  ends, 
and  the  apical  cell  may  be  attenuated  or  even  thickened. 

[P.  Corium  (Ag.)  Gomont;  P.  favosum  (Bory)  Gomont; 
P.  Retsii  (Ag.)  Gomont;  P,  uncinatum  (Ag.)  Gomont.] 
w  Osdllatoria  Yaucher  (Oscillaria  Bosc.). —  Filaments 
straight  or  slightly  curved;,  only  in  very  young  specimens  are 
they  coiled;  simple,  without  a  sheath;  mostly  bright  blue- 
green,  sometimes  changing  to  violet  or  steel-blue.  When  in 
good  condition,  more  or  less  motile,  and  involved  in  a  thin 
mucilage.  Found  in  all  sorts  of  wet  places,  sometimes  even  on 
damp  ground  and  in  hot  springs. 

O.  subtilissima    Kiitz.,  Fig.  i. 

O.  cerugineo'ccerulea    Kiitz.,  Fig.  2. 

O.  chalybea    Mertens,  Fig.  14. 

O.  amphibia    Ag.,  Fig.  15. 

O.  litnosa   Ag.,  Fig.  5. 

O.  percursa    Kiitz.,  Fig.  6. 

[O.  princeps  Vauch. ;  O.  splendida  Grev.;  O.  tenu^^ 
Ag.] 
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^  Arthrospira  Stiz. —  Filaments  cylindrical,  commonly  de- 
void of  a  sheath,  and  twisted  into  a  regular  spiral.  The  latter 
character  is  the  only  distinction  from  Oscillatoria. 

A.  Gomontiana  Setchell. —  We  have  not  found  this  species, 
but  Setchell  has  mentioned  it  as  occurring  in  Bridgeport. 

SUB-FAMILY   II.      VAGINARIEiE 

Blue-green  Algae,  which  lack  heterocysts,  and  are  distin- 
guished by  having  one  or  more  trichomes  %n  the  same  sheath. 
This  sheath  is  often  branched,  may  be  lamellose  and  colored, 
or  mucous  and  uncolored. 

Description  of  Genera. 

Microcoleus  Desm.  (Cthonoblastus  Kiitz.). —  Trichomes 
like  Lyngbya,  except  that  two  or  more  are  often  enclosed  in 
one  sheath,  which  is  at  first  closed  at  the  end,  and  later  breaks 
open,  sometimes  dividing  into  shreds.  The  sheath  is  colorless, 
not  lamellose,  large,  seldcwn  indistinct. 

Schizothrix  Kiitz.  (Inactis  Kiitz.;  Hyphaeothrix  Kiitz., 
in  part). —  Sheaths  firm,  lamellose,  hyaline  or  colored,  and 
containing  few  or  many  trichomes. 

[S.  lardacea  (Cesati)  Gomont;  S,  coriacea  (Kiitz.) 
Gomont.] 

FAMILY  II.      NOSTOCACEiE. 

Cells  spherical  or  oval,  arranged  in  simple  chains,  or, 
rarely,  with  spurious  branches.  The  chain  is  imbedded  in  a 
more  or  less  copious  jelly.  Some  genera  are  provided  with 
spores  and  heterocysts.  The  heterocysts  are  yellow,  straw- 
colored,  or  nearly  colorless,  and  are  situated  at  the  end  of  the 
chain,  or  between  two  v^etative  cells.  Their  function  is  un- 
known. The  dark  green,  granular  spores  divide  after  a  period 
of  rest,  and  then  germinate.    Many  are  terrestrial. 

Key  to  Genera. 

I.     Filaments    contorted,    within    a    definite    gelatinous 

tegument Nostoc"^ 

Filaments  more  or  less  straight,  free  or  in  a  formless 
slimy  mass,  not  inclosed  in  a  tegument 2 
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2.  Heterocysts  terminal,  and   spores   contiguous  with 

them ;  spores  long  and  cylindrical. .  .Cylindrospermum* 
Heterocysts  not  terminal 3 

3.  Filaments  aggregated  without  order Anabcena^ 

Filaments  aggregated  in  bundles  of  plate-like  masses 

Aphanizomenon 
Description  of  Genera. 

Aphanizomenon  Morren. —  Trichomes  a  little  attenuated 
towards  the  apex,  glued  together  parallelly  in  dense  fascicles. 
Cells  nearly  cylindrical,  light  blue  or  nearly  colorless,  and 
slightly  granular.  Thallus  somewhat  membranaceous,  free- 
swimming,  blue-green,  or  light  purfe  blue,  or  at  length  olive; 
spores  solitary,  smooth,  cylindrical,  elongated,  round  at  the 
ends,  pale  blue  or  olive. 

Nostoc  Vauch. —  Filaments  necklace-shaped,  enclosed  in 
a  more  or  less  distinct  gelatinous  envelope.  The  cells  are 
spherical  or  elliptical,  and  more  or  less  closely  connected,  with 
heterocysts  rarely  terminal.  The  filaments  are  clustered  to 
form  thalli,  usually  surrounded  by  a  membrane,  which  is  some- 
times colorless,  sometimes  dark  blue-green,  dark  brown,  light 
yellow,  or,  most  often,  olivaceous.  ^ 

N.  minutissimus  Kutz.  (  ?),  Fig.  211. 

N.sp.  (?),  Fig.  iS. 

N,  rupestre  Kutz.,  Figs.  16,  17. 

N.  comminutum  Kiitz.,  Fig.  19. 

[N.  commune  Vauch. ;  N.  microscopicum  Carm. ;  N,  par- 
melioides  Kutz. ;  N,  pruniforme  Ag.] 

Cylindrospermum  Kiitz. —  Filaments  sheathless,  single  or 
glued  together  in  an  indefinite  gelatinous  stratum ;  occasionally 
a  number  enclosed  in  a  tegument.  Cells  spherical,  oblong, 
elliptical,  or  compressed.  Heterocysts  single,  on  the  ends  of. 
the  filaments;  spores  next  the  heterocysts  very  long  and 
cylindrical. 

[C.  majus    Kiitz.] 

Anabaena  Bory  (Sphaerozyga  Ag.;  Trichormus  AUman; 
Dolichospermum  Thwaites). —  Filaments  similar  to  those  of 
Nostoc,  only  nearly  straight;   rarely  provided  with  a  sheath; 
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clustered  in  gelatinous  masses,  or  single.  Cells  spherical  or 
nearly  so,  some  of  them  changing  into  brownish  elongated 
spores,  which  are  solitary,  or  one  on  either  side  of  a  heterocyst, 
or,  rarely,  in  a  short  series.    Heterocysts  not  terminal. 

A,  gigantea    Wood,  Fig.  ii. 

A,  Flos-aquw    Kutz,  or  circinalis  (Rab.)  Kirch.,  Fig.  12. 

[A.  oscillarioides    Bory.] 

Anabcena  is  very 'common  in  reservoirs,  and  sometimes  in 
combination  with  Microcystis  is  so  abundant  as  to  give  the 
water  a  very  bad  taste  and  smell,  and  a  distinct  color.  It  is 
one  of  the  most  troublesome  Algae  in  our  city  reservoirs. 

FAMILY   III.      SCYTONEMACEiE. 

This  family  is  known  by  its  method  of  branching.  Elach 
filament  is  enclosed  in  a  sheath  of  uniform  thickness,  and  at 
intervals  penetrates  this  sheath  to  form  long,  flexuose  branches 
which  are  provided  with  their  own  sheaths.  The  filaments  are 
cylindrical,  but  thickened  toward  the  growing  end,  and  con- 
tain heterocysts.  The  sheath  may  be  colorless,  or  yellow,  or 
brown.  Reproduction  is  usually  by  hormogones,  though  in 
some  species  spores  are  produced. 

Key  to  Genera. 

Branches   in   pairs,   rising  between   the  heterocysts 

Scytonema* 
Branches  single,  rising  in  the  region  of  the  heterocysts 

Tolypothrix* 
Description  of  Genera. 

Scytonema  Ag.  (Petalonema  Berkeley;  Schizosiphon 
Ktitz.,  in  part ;  S3rmphyosiphon  Kiitz.,  in  part ;  Athrosiphon 
Kutz.). —  Each  filament  enclosed  in  a  sheath ;  branches  in  pairs 
produced  by  a  fold  of  the  filament,  which  breaks  through  the 
sheath  between  the  heterocysts.  The  heterocysts  are  scattered 
irregularly  throughout  the  filament.  The  filaments  produce  in- 
terwoven mats  of  larger  or  smaller  size.  The  sheath  is  lamel- 
lose,  and  yellow  or  brown  in  color,  generally  of  an  even  thick- 
ness, but  occasionally  the  margins  are  irregular. 

[S.  crispum  (Ag.)  Bomet;  S.  Hofmanni  Ag. ;  S.  myoch- 
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thous  (Dillw.)  Ag. ;  S.figuratum  Ag.;S.  ocellatum  (Dillw.) 
Thur.] 

Tolypothrix  Kiitz.  ( Hassallia  Berkeley) .  —  Filaments 
branched,  with  a  distinct  sheath.  The  branches  usually  ap- 
pear where  heterocysts  occur,  the  trichome  breaking  through 
the  sheath  just  below  the  heterocyst  and  continuing  its  growth. 
The  sheaths  are  thinner  than  in  Scytonema.  The  heterocysts 
are  sometimes  two,  three,  or  four  in  a  row. 

[T,  lanata  (Desv.)  Wartmann.] 

FAMILY  IV.      STIGONEMACEiE. 

The  cells  of  this  family  are  arranged  in  a  single  row  or  in 
several  irregular  rows,  in  a  strong,  thick  sheath,  which  is 
brown  and  very  uneven.  The  filaments  are  branched,  and 
grow  by  repeated  division  of  the  cells  near  the  apex.  The 
heterocysts  are  never  terminal,  and  they  are  placed  in  a  lateral 
position  when  there  is  more  than  one  filament  in  a  sheath.  • 

Key  to  Genera, 

Normal  reproduction  by  means  of  hormogones,  de- 
veloped on  the  extremities  of  the  branches.  .Stiganemc^ 
Normal  reproduction  by  spores HapcUosiphon 

Description  of  Genera, 

Stigonema  Ag.  (Sirdsiphon  Ktitz.). —  Cells  of  the  fila- 
ments in  one,  two,  or  many  rows,  owing  to  the  lateral  division ; 
the  older  filaments  often  having  as  many  as  ten  series,  while 
the  younger  have  only  one  or  two.  The  cells  are  surrounded 
by  a  membrane  which  is  always  distinct,  but  especially  so  in 
the  older  filaments.  The  sheath  is  large,  irregular,  and  usually 
brown  or  golden  yellow.  The  generally  short,  thick  branches 
are  irregularly  disposed.  ^  Found  mostly  on  damp  or  wet  rocks, 
but  sometimes  free-floating  in  lakes  or  ponds. 

[S,  nupmillosum  Ag. ;  S.minutum  (Ag.)  Hass.;  S.  panni- 
forme  (Ag.)  Born,  and  Flah.] 

Hapalosiphon  Nag. —  Filaments  attached  or  floating; 
olive-green,  blue-green,  or,  when  older,  bright  or  dark  brown. 
The  branches  rise  singly  at  right  angles  to  the  prostrate  stem. 
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and  sometimes  bear  secondary  branches.  The  cells  are  granu- 
late, and  grow  in  a  single  series,  rarely  in  two;  they  are 
distinct  or,  sometimes,  continuous.  Heterocysts  are  frequent. 
The  sheaths  of  the  branches,  usually  colorless,  are  always 
thinner  than  those  of  the  primary  filaments.  Spores  are 
formed  from  the  ordinary  vegetative  cells.  The  plants  grow 
in  fresh  and  salt  waters. 

CLASS  II.    BACILLARIE^  (DIATOMACEiE). 

We  have,  as  yet,  given  no  attention  to  the  Diatoms,  and 
they  are,  therefore,  omitted  from  this  report. 

CLASS  III.    HETEROKONTiE. 

The  Algae  of  this  class  are  unicellular,  multicellular,  or 
colonial,  appearing  as  rounded  single  cells,  filaments,  or  large 
colonies.  The  cell  walls  are  usually  very  thick,  and  contain 
many  chromatophores  of  a  yellow-green  color,  without  pyre- 
noids  or  starch.  The  ordinary  asexual  reproduction  is  by 
means  of  zoogonidia,  which  are  pear-shaped  bodies  furnished 
with  one  long  and  one  short  cilium.  Non-motile  spores  are 
also  sometimes  found  with  thick  walls. 

Sexual  reproduction  takes  place  by  fusion  of  two  similar 
motile  gametes  which  probably  resemble  the  zoogonidia  in 
having  two  cilia.  Since  these  gametes  are  alike  they  are  said 
to  be  isogamotis.    This  class  contains  only  a  single  order. 

ORDER  CONFERVALES. 

The  various  forms  are  divided  into  two  families,  as 
follows:  — 

Family  i.    BOTRVDiACEiE.    Plant  body  large,  globose. 

Family  ii.  tribonemace.e.  Plant  body  unicellular  or 
filamentous. 

FAMILY   I.      BOTRYDIACEiE. 

Each  plant  is  globose,  attached  by  rhizoids  to  the  damp 
earth ;  the  chromatophores  are  numerous  and  the  reproduction 
varied.  This  family  contains  only  one  genus,  which  we  have 
not  yet  found  in  Connecticut. 
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Botrydium  Wall. —  Small,  non-cellular,  green,  globose 
plants,  with  colorless,  much  divided  roots,  descending  into  the 
moist  earth,  upon  the  surface  of  which  this  Alga  lives.  The 
zoogonidia  are  small,  ovoid,  and  provided  with  a  long  cilium. 
If  the  plant  becomes  submerged,  the  whole  may  turn  into  a 
zoogonidiangium,  and  the  zoogonidia  escape  through  an  open- 
ing in  the  apex.  Non-motile  spores  are  often  produced  in 
great  numbers  in  the  rhizoids.  If  the  plant  becomes  too  dry, 
the  green  portion  migrates  into  the  rhizoids,  and  a  number  of 
spores  are  produced. 

FAMILY  II.      TRIBONEMACEiE. 

Plants  unicellular  or  filamentous;  cells  spherical,  cylindri- 
cal, or  elongated,  often  united  to  form  filaments,  and  spirally 
coiled.  The  cell  wall  is  always  firm,  and  usually  thick. 
Asexual  reproduction  by  zoogonidia.  Aplanospores  occur  in 
Tribonema.  Sexual  reproduction  by  isogamous  (t.  e.,  similar) 
gametes. 

Key  to  Genera. 

1.  Plants   unicellular 2 

Plants  filamentous,  cell  wall  firm,  splitting  into  H- 

shaped  pieces Tribonema* 

2.  Cells  globose,  aggregated  in  mucilaginous  colonies 

Chlorobotrys 
Cells  elongate,  usually  shortly  stipitate  and  often 
spirally  coiled Ophiocytium* 

Description  of  Genera. 

Tribonema  Derbes  and  Solier  (Conferva,  as  used  by 
Lagerheim).  Filaments  composed  of  cylindrical  cells,  covered 
with  a  thick  cell  wall  which  frequently  breaks  up  into  H-shaped 
pieces.  The  cells  each  contain  one  or  two  nuclei  and  several 
chromatophores.  Asexual  reproduction  by  zoogonidia  with 
two  unequal  cilia,  and  by  non-motile  spores  which  escape  from 
the  broken  filaments.  Sexual  reproduction  by  isogamous 
gametes,  one  of  which  comes  to  rest  and  rounds  pff  before 
another  conjugates  with  it. 

This  genus  covers  many  of  those  forms  previously  called 
Conferva,  a  name  that  is  now  given  up.    Hazen  places  it  with 
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the  Ulotrichaceae,  but  we  follow  West  in  placing  it  here  be- 
cause of  its  yellowish-brown  color.  The  plants  are  abundant 
in  all  waters. 

r.  bombycinum   (Ag.)  Derbes  and  Sol.,  Fig.  48. 

T.  minus  (Wille)  Haz.,  Fig.  21. 

ChloroboUys  Bohlin. —  Plants  are  formed  of  solitary 
globose  cells,  or  of  2,  4,  8,  or  16  cells  associated  in  a  family. 
Each  family  has  surrounding  it  an  ample  hyaline  mucous  tegu- 
ment. The  cell  walls  are  thick  and  smooth.  Six  to  thirty 
parietal  chromatophores  are  disposed  on  the  wall  of  each  cell. 
Sometimes  a  red  pigment  spot  appears  in  each  cell. 

Multiplication  by  cell  division,  at  first  in  two  directions, 
afterwards  in  three. 

•  Ophiocytium  Nag.  (inclus.  Sciadium  A.  Br.).  —  Cells 
cylindrical,  variously  curved,  attenuated  at  one  end  into  a  thin, 
short  stem;  sometimes  both  ends  rounded,  with  or  without  a 
spine.  Propagation  by  non-motile  spores  or  zoogonidia,  which 
are  formed  by  division  of  the  cell  contents.  The  cell  wall  has 
a  lid  fitted  to  the  apex  of  a  long  tube.  In  the  attached  species ' 
the  zoogonidia  come  to  rest  on  the  rim  of  the  empty  cell  and 
develop  into  full-grown  cells.  A  repetition  of  this  process  gives 
a  curious  branched  appearance. 

O.  panmlum  (Perty)  A.  Br.,  Fig.  20.  The  two  different 
sizes  are,  perhaps,  two  species.  None  of  our  specimens  showed 
the  terminal  spine. 

CLASS  IV.    CHLOROPHYCE^ 

This  class  contains  all  the  green  Algae  and  numbers  more 
species  than  all  the  other  classes  of  Algae  together.  The  forms 
are  very  diverse  in  size  and  structure,  and  include  unicellular, 
filamentous,  and  colonial  plants,  some  furnished  with  rhizoids, 
others  with  hairs,  and  some  with  spines.  Cell  division  usually 
takes  place  in  all  the  cells  of  a  thallus,  but  occasionally  there 
is  a  growing  point.  Both  sexual  and  asexual  reproduction  are 
found  in  most  of  the  families  of  the  Chlorophyceae.  This  class 
flourishes  most  abundantly  in  fresh  water,  though  many  are 
marine,  and  members  of  it  are  to  be  found  in  every  damp  or  wet 
situation. 
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The  class  may  conveniently  be  divided  into  orders,  as  in- 
dicated by  the  following  key :  — 

Key  to  Orders, 

1.  Thallus  coenocytic  (t.  e.,  non-cellular  but  with  many 

nuclei)    SIPHONALES 

Thallus  filamentous  and  septate,  or  unicellular,  or 
expanded 2 

2.  Thallus  filamentous,  though  filaments  may  unite  in  a 

plane.     In  the  Conjug^tse  some  are  unicellular  and 

not  filamentous 3 

Thallus  expanded,  membranous ULVALES 

Thallus  neither  expanded  nor  filamentous 

PROTOCOCCALES 

3.  Cell  division  by  intercalation  of  new  cells  producing 

transverse  striation    CEDOGONI ALES 

Cell  division  of  ordinary  type 4 

4.  Filaments   attenuated   and   commonly   ending   in   a 

bristle CH^ETOPHORALES 

Filaments  not  ending  in  a  bristle 5 

5.  Chloroplasts  single,  substellate,  with  one  pyrenoid. 

Filaments  may  fuse  in  a  plane SCHIZOGONIALES 

Chloroplasts  single,  reticulated  or  band-shaped,  with- 
out  pyrenoids MICROSPORALES 

Chloroplasts  numerous,  parietal,  each  with  a  pyre- 
noid  CLADOPHORALES 

Chloroplasts  single  or  several,  large  and  of  some 
definite  shape,  with  pyrenoids.  The  entire  contents 
of  two  cells  unite  to  form  a  single  zygote.  .CONJUGATiE 

ORDER  I.    PROTOCOCCALES. 

Single-celled  green  Algae,  without  terminal  growth  or 
branches,  and  without  vegetative  generation  of  cells;  either 
single  or  in  flocks  or  families.  Sometimes  the  cells  of  the 
families  indefinitely  increase  in  number,  and  form  daughter- 
families.  At  other  times  there  is  a  definite  number  associated 
together  to  form  colonies  called  camobia.  Even  when  ap- 
parently closely  united,  each  cell  has  the  power  of  reproduction, 
and  therefore  the  plants  are  essentially  unicellular. 
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The  order  is  a  very  large  one,  and  contains  an  immense 
variety  of  forms  which  can  hardly  admit  of  a  general  descrip- 
tion. The  order  is  divided  into  eight  families,  the  following 
six  of  which  are  known  in  the  United  States : — 

Key  to  Families. 

1.  Unicellular,  or  of  a  definite  number  of  ciliated  motile 

cells VOLVOCACE.B 

Cells  not  ciliated  or  motile 2 

2.  Cells  formed  in  flat  plates  or  in  a  network 

HYDRODICTYACE.E 
Cells  not  in  a  plate  or  a  network 3 

3.  Unicellular  and  solitary ;   cell  with  differentiation  of 

base  and  apex characiaceje 

Cells  without  differentiation  of  base  and  apex 4 

4.  Unicellular  and  globular,  or  consisting  of  short,  few- 

celled  filaments  (not  truly  filamentous)  ;  firm  cell 
walls ;  no  autospores pleurococcaceje 

Cells  free  or  colonial,  without  copious  gelatinous  en- 
velope, forming  autospores protococcacEjE 

Cells  spherical  and  indefinite  in  number,  embedded  in 
a  copious  gelatinous  envelope palmellacejE 

FAMILY  I.      PALMELLACEiE. 

Unicellular  Algae,  free-floating  or  attached,  single  or  in 
families,  with  a  conspicuous  mucous  envelope,  which  is  with- 
out definite  form,  and  is  either  structureless  or  differentiated 
into  concentric  envelopes.  Cell  contents  at  first  homogeneous, 
later  granular,  green  or  reddish.  Multiplication  by  cell  division 
in  two  or  three  directions,  and  cells  often  grouped  in  twos  or 
fours.  Asexual  reproduction  by  biciliated  zoogonidia,  several 
of  which  arise  from  an  ordinary  cell.  Sexual  reproduction  has 
been  observed  in  some  species. 

This  family  is  divided  into  three  sub- families,  as  follows :  — 

Key  to  Sub-families. 
Cells  grouped  in  twos  or  fours  within  a  lamellose 

mucous   investment GLCEOCYSTiDEiE 

Cells  grouped   in   fours,   irregularly  disposed   in  a 

mucus ;  cells  with  a  non-motile  hair tetrasporEjE 
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Cells    irregularly    grouped    within    a    structureless 

mucus PALMELLEuE 

SUB-FAMILY  I.      GLCEOCYSTIDEiE. 

Plants  formed  of  colonies  of  cells  in  a  common  mucila- 
ginous envelope.  Ordinarily  concentric  coats  of  mucus  can 
be  seen  around  single  cells  or  groups  of  cells.  Multiplication 
by  division  of  the  mother-cell  into  four  parts. 

Key  to  Genera. 

Colonies  irregular Gloeocystis* 

Colonies  cylindrical  and  branching \Falmodictyon 

Colonies  subspherical  Botrydina 

Description  of  Genera. 

Gloeocystis  Nag.  (Chlorococcus  Fries.,  in  part). — 
Spherical  or  oblong  cells  associated  in  globose  families  of  an 
indefinite  number  of  cells.  Teguments  gelatinous,  formed  in 
layers.    Cells  spherical  or  ellipsoidal. 

G.  vesiculosa    Nag.,  Fig.  28. 

[G.  rupestris   (Lyng.)  Rab.] 

Palxnodictyon  Kiitz. —  The  cells  and  surrounding  tegu- 
ment are  in  the  shape  of  cylindrical  masses  which  branch  and 
anastomose.  The  outer  covering  is  often  hard  and  of  a 
reddish  brown  color.  Reproduction  by  means  of  resting  spores 
with  brown  cell  walls. 

Botrydina  Breb. —  A  genus  little  investigated.  The 
colonies  are  subspherical,  made  of  cells  enveloped  in  a  thick, 
gelatinous  integument,  which  may  be  as  large  in  diameter  as 
five  hundred  microns. 

SUB-FAMILY  II.      TETRASPOREiE. 

Cells  grouped  in  fours  or  very  irregularly  scattered  towards 
the  outside  of  a  structureless  mass  of  jelly.  The  cells  of  this 
family  are  frequently  provided  with  delicate  non-vibratile  hairs 
called  pseudocilia. 

Description  of  Genera.  * 

Tetraspora  Ag. —  Thallus  gelatinous,  thick,  at  first  baggy, 
then  lengthening;   scattered  through  the  jelly  are  numberless 
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green  cells,  dividing  in  one  or  more  directions,  grouped  in 
twos  or  fours  without  order  near  the  periphery.  Isogamous 
plafwgametes  —  i.  ^.,  provided  with  cilia, —  biciliated  zoogoni- 
dia,  and  resting  spores  with  thick  brown  cell  walls,  are  de- 
veloped. 

T.  lubrica  (Roth)  Ag.  var.  lacunosa  Chand.,  Fig.  212. 

T.  gelatinosa   (Vauch.)  Desv.^  Fig.  77. 

[T,  bullosa   (Roth)  Ag.] 

Apiocystis  Nag. —  Thallus  small,  of  various  or  changing 
color,  fastened  by  a  stem-like  base.  Cells  spherical,  sometimes 
scattered,  sometimes  eight  in  a  circle;  contents  homogeneous 
or  slightly  granular,  with  a  distinct  colorless  vacuole.  Propa- 
gation by  globose  zoogonidia,  each  bearing  two  cilia,  and 
isogamous  gametes. 

SUB-FAMILY  III.      PALMELLE^l. 

A  large  number  of  globose  cells  are  aggregated  in  a  struc- 
tureless mass  of  jelly,  which  is  of  indefinite  extent  except  in 
Palmodactylon,  in  which  it  is  more  or  less  cylindrical  and 
variously  branched.  The  outer  layers  of  the  firm,  thin  cell 
walls  are  thrown  off  from  time  to  time  in  one  or  many  pieces. 

Description  of  Genera. 

Palmella  Lyng.  —  A  shapeless  mass  of  jelly,  holding  cells 
which  are  spherical,  oval,  or  oblong,  green,  red,  or  brown. 
Multiplication  by  repeated  division  of  the  cell  contents,  accom- 
panied by  decided  gelatinization  of  the  wall  of  the  mother-cell. 
Reproduction  by  micro- and  macro-zoogonidia  and  also  by 
small  isogamous  planogametes. 

P.  mucosa  Kiitz.  (  ?) ,  Fig.  72,  Fig.  72a  is  the  gelatinous 
colony,  natural  size. 

Schizochlamys  A.  Br. —  Found  with  Tetraspora,  and  like 
it,  except  that  in  this  genus  the  cell  wall  often  splits  into  four 
parts.  The  cell  contents  afterward  divide  into  two  or  four 
daughter-cells. 

Palmodactylon  Nag. —  Small  round  cells,  dull  green,  en- 
closed in  a  cylindrical  bladder-like  membrane.  Several  of 
these  membranes  are  often  joined  together  at  one  end,  spread- 
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ing  radially.    One,  two,  or  four  series  of  cells  in  each  mem- 
brane. 

FAMILY   II.      PROTOCOCCACE.E. 

The  vegetative  cells  are  green,  strictly  unicellular,  and  are 
not  provided  with  cilia.  Propagation  either  sexual  or  asexual. 
In  the  latter  case  the  cells  divide  into  many  parts,  the  whole 
assuming  the  form  of  a  new  colony.  These  are  called  auto- 
spores  and  autocolonies.  Division  of  vegetative  cells  lacking. 
In  some  genera  the  cells  are  united  into  definite  regular  forms 
called  coenobia,  in  others  into  a  pseudocomobium,  which  differs 
from  the  true  canobium  in  that  the  cells  are  not  all  of  the  same 
generation;  other  genera  have  the  cells  scattered  or  congre- 
gated into  irregular  forms. 

Key  to  Sub-families. 

1.  Cells  elongated,  frequently  curved;    solitary  or  in 

definite,  loosely  coherent  colonies SELENASTREiE 

Cells  angular,  with  a  definite  number  of  angles,  two, 

four,  six,  eight,  or  more;  cells  solitary. .  .tetraedre^ 
Cells  variable,  united  in  a  regular  flat  plate,  .crucigenie^ 
Cells  globose  or  sub-globose 2 

2.  Cells  strictly  globose,  united  in  a  spherical  colony 

(coenobium)    ccELASXREiE 

Cells  globose  or  sub-globose,  not  united  in  a  spherical 
coenobium 3 

3.  Cells  with  two  or  more  attenuated  bristles. .  .PHYTHELiEiE 
Cells  without  bristles 4 

4.  Cells   generally    retained    within    enlarged    wall    of 

mother-cell oocvsTiDEiE 

Cells  joined  in  colonies  by  persistent  walls  of  mother- 
cells,  which  sometimes  become  transformed  into 
connecting  threads DiCTYOSPH.ERiEiE 

SUB-FAMILY  I.      DICTYOSPH^RIE^. 

Cells  globose,  ovoid,  or  ellipsoid,  and  associated  to  form 
indefinite  colonies.  The  cells  are  held  in  position,  usually,  by 
the  wall  of  the  mother-cell,  which  in  some  genera  breaks  up 
into  connecting  threads.     Multiplication  by  simple  vegetative 
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division,  or  by  the  formation  of  four  daughter-cells  in  a  mother- 
cell,  which  at  length  ruptures  to  let  them  out. 

Key  to  Genera. 

1.  Cells  indefinitely  disposed 2 

Cells   in   grape-like   clusters,   freely   exposed   in   a 

thin   gelatinous   envelope .Botryococcus 

2.  With      well-marked,      subdichotomous      connecting 

threads ;  chloroplast  parietal Dictyospharium* 

Cells  in  radiating  series ;  connecting  threads  scarcely 
visible ;  chloroplast  axile Dictyocystis 

Description  of  Genera, 

Botryococcus  Kiitz. —  Sixteen  or  thirty-two  cells  clustered 
like  a  bunch  of  grapes  in  an  irregularly  lobed  mucous  thallus. 
Cells  oval,  spherical,  or  elliptical,  densely  packed  in  families 
within  a  thin  tegument.  Clusters  free-swimming,  green,  at 
length  pallid  or  brown. 

Dictyosphaeriiun  Nag. —  Cells  green,  kidney-shaped  or 
egg-shaped,  gathered  into  a  hollow,  somewhat  spherical  family, 
and  usually  surrounded  by  a  gelatinous  envelope;  free-swim- 
ming. Cells  covered  by  thick  coats  which  are  confluent; 
joined  by  a  fine  tegument.  Division  of  cells  at  first  in  all 
directions,  later  only  radially.  Biciliated  zoogonidia  rarely 
occur. 

D.  Ehrenbergianum    Nag.,  Fig.  22. 

Dictyocystis  Lagerh.  —  Oblong  or  cylindrical  cells,  held  in 
radiating  series  by  delicate  threads,  to  form  a  small,  free- 
floating  colony,  the  series  often  branching. 

SUB-FAMILY  II.      TETRAEDREiE. 

Solitary  unicellular  plants,  flattened  and  angular  with  a 
definite  number  of  angles.  The  angles  may  be  rounded, 
notched,  or  furnished  with  spines.  Only  one  genus,  sometimes 
divided  into  two,  according  to  the  depth  of  the  lobulation. 

Tetraedron  Kiitz.  (Polycdrium  Nag.). —  Cells  green, 
single,  free-swimming,  three-,  four-,  or  eight-angled;  angles 
rounded,    sometimes    notched,    mostly   armed    with   a    spine. 
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Propagation  by  means  of  autospores,  which  are  formed,  usu- 
ally to  the  number  of  four  or  eight,  in  the  mother-cell. 

T.  minimum    (A.  Br.)  Hansg.,  Fig.  23. 

T.  trigonum  van  punctatum  (Kirch.),  Fig.  24. 

T,  trigonum  var.  pentagonum  (Rab.),  Fig.  25. 

SUB-FAMILY    III.      OOCYSTIDEiE. 

Cells  spherical  or  elliptical,  often  retained  within  the  swollen 
wall  of  the  mother-cell.  There  may  be  one  or  several  parietal 
chloroplasts.  The  cell  wall  of  all  but  Palmellococcus  is  firm. 
Multiplication  by  means  of  autospores,  which  often  develop 
and  grow  to  full  size  in  the  mother-cell. 

Key  to  Genera, 

1.  Cells  curved,  subcylindrical  or  sublunate.  ,Nephrocytium* 

Cells  ellipsoidal Oocystis 

Cells  spherical 2 

2.  Cells  large,  solitary  and  free-floating EremosphcBra 

Cells  minute,  forming  a  thin  stratum Palmellococcus* 

Description  of  Genera. 

Nephroc3rtium  Nag. —  Two,  four,  eight,  or  sixteen  oblong 
or  kidney-shaped  cells,  associated  in  a  free-swimming  family, 
surrounded  by  an  oval  or  kidney-shaped  covering.  Of  variable 
size ;  cells  bright  green.  Frequent  in  ponds.  Multiplication  by 
autospores,  which  are  often  spirally  disposed  around  the  inside 
of  the  wall  of  the  mother-cell. 

N,  Ncegelii    A.  Br.,  Figs.  26,  29. 

N.  Agardhianum    Nag.,  Fig.  27. 

Oocystis.  This  genus  differs  from  Nephrocytium  in 
having  cells  ellipsoidal  and  showing  polar  nodules.  There  are 
usually  several  parietal  chloroplasts  in  each  cell. 

Eremosphaera  D.  By.  (Chlorosphaera  Henfrey). —  Large, 
spherical,  free-swimming  cells,  with  firm  walls,  showing  a 
colorless  border.  Cell  contents  green,  granulose;  each  cell 
containing  large  numbers  of  small  parietal  chloroplasts.  Mul- 
tiplication into  two  or  four  parts,  which  escape  through  the 
cell  wall.  Found  in  small  pools. 
3 
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Palmellococcus  Chodat  (Protococcus  Ag.,  in  part). — 
Strictly  unicellular  Algae,  globose,  green,  sometimes  changing 
to  red  upon  exposure.  Cells  formed  singly  or  in  clusters, 
growing  in  water,  or  on  damp  soil,  flower-pots,  trunks  of  trees, 
etc. ;  8,  i6,  32,  or  64  spores  formed  within  a  mother-cell,  the 
wall  of  which  ruptures  and  sets  them  free.  Very  rapid  multi- 
plication by  cell  division. 

P.sp.  (?),  Fig.  30. 

P,  Gigas  (Kutz.),  Fig.  31. 

SUB-FAMILY  IV.      SELENASTREiE. 

Cells  elongated  and  attenuated,  sometimes  lunate ;  solitary, 
or  joined  into  fragile  families.  A  single  chloroplast,  which 
may  contain  one  or  many  pyrenoids,  is  found  in  each  cell. 
The  cell  wall  is  delicate  but  firm.  Multiplication  by  autospores 
or  autocolonies. 

Key  to  Genera. 

1.  Colonies  enveloped  in  mucus Kirchneriella* 

Colonies  almost  destitute  of  mucus 2 

2.  Cells  attenuated  to  acute  apices 3 

Cells  sublunate  or  ellipsoidal,  arranged  in  groups  of 

four  in  a  plane ;  groups  forrning  irregular  colonies 

Dimorphococcus 

3.  Cells  forming  definite  colonies  of  a  row  of  cells  in  one 

plane Scenodesmus* 

Cells  solitary  or  loosely  grouped  in  irregular  bundles 

Ankistrodesmus* 

Cells  lunate,  arranged  back  to  back Selenastrum* 

Cells  dividing,  oblique;  daughter-cells  remaining  at- 
tached loosely  by  their  apices Dactylococcus 

Description  of  Genera, 

Kirchneriella. —  The  cells  are  bent  like  a  bow,  often  until 
their  apices  almost  touch  each  other ;  loosely  aggregated  within 
an  enveloping  mass  of  jelly.  The  cell  wall  is  thin,  the  chloro- 
plast parietal;  multiplication  by  autospores,  four  or  eight  of 
which  are  produced  in  a  mother-cell.  The  genus  differs  from 
Selenastrum  in  the  presence  of  jelly. 

K.  obesa  (West)  Schmidle,  Fig.  54. 
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Selenastrum  Reinsch. —  Cells  lunate,  attenuated  on  both 
ends  to  a  fine  point,  with  firm,  thin  walls;  arranged  back  to 
back  to  form  four-  to  eight-celled  colonies.  Multiplication  by 
autospores. 

5*.  acuminatum  Lagerh.,  Fig.  46. 

5*.  sp.  (?)  (perhaps  acuminatum),  Fig.  43. 

Scenodesmus  Meyen. —  Cells  elliptical,  cylindrical,  oblong- 
spherical,  often  drawn  out  into  longer  or  shorter  spines.  One, 
sometimes  two,  rows  of  cells  are  commonly  joined  laterally 
into  a  coenobium.  Propagation  by  repeated  division  of  the 
cell  contents  into  brood-families,  which  are  set  free  by  rupture 
of  the  mother-cell  wall. 

5*.  obtusus    Meyen,  Fig.  38. 

5*.  caudatus    Corda,  Fig.  36. 

5*.  caudatus  var.  abundans    Kirch.,  Fig.  32. 

S.  caudatus  var.  typicus    Kirch.,  Fig.  33. 

S.  caudatus  var.  setosus    Kirch.,  Fig.  34. 

S.  acutus    Meyen,  Fig.  37. 

S,  dimorphus    Kfltz.,  Figs.  42,  44. 

S.  antennatus  Breb.  var.  rectus  WoUe,  Fig.  39. 

S,sp,  (?),Fig.35. 

Dimorphococcus  A.  Br. —  Cells  united  more  or  less  in 
fours  on  short  branches ;  the  two  intermediate,  contiguous  cells 
oblique,  obtuse-ovate;  the  two  lateral,  opposite  and  separate 
from  each  other,  Itmate;  families  free-swimming,  in  irregular 
clusters. 

Ankistrodesmus  Corda  (Rhaphidium  Ktitz.;  Schroderia 
Lemmermann). —  Finely  granulate,  cylindrical  cells,  usually 
tapering  at  both  ends  and  variously  curved.  The  cells  occur 
singly,  or  gathered  into  groups,  several  radially  joined,  two 
crossing  each  other,  rarely  two  united  at  the  end;  covering 
thin  and  smooth ;  division  in  only  one  direction. 

A.  falcatus  (Corda)  Ralfs,  Fig.  45. 

A  falcatus  var.  acicularis  West,  Fig.  47. 

A.  falcatus  var.  mirabilis  West,  Fig.  41. 

A,  Braunii  (Nag.)  (?),  Fig.  40. 

SUB-FAMILY  V.      CRUCIGENIEiE. 

Cells  gathered  into  flat  ccenobia.  The  cells  are  generally 
rounded  and  sometimes  furnished  with  spines.    The  groups  of 
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four  are  held  together  by  a  tough  mucilage.    Multiplication  by 
autocolonies.    The  only  American  genus  is  the  following : — 

Crucigenia  Morren  (Staurogenia  Kutz. ;  Lemmer- 
mannia  Chodat;  Willca  Schmidle). —  4,  8,  16,  or  32  sub- 
quadratic  cells,  gathered  into  a  flat  coenobium  held  in  a  mucila- 
ginous envelope.  As  many  as  128  cells  in  g^ups  of  four  have 
been  discovered.  The  cell  walls  are  smooth,  and  each  cell  is 
furnished  with  a  single  chloroplast.  Multiplication  by  auto- 
colonies. 

SUB-FAMILY  VI.      PHYTHELIE^. 

Unicellular  or  grouped  in  a  more  or  less  definite  coenobium, 
freely  floating.  Almost  devoid  of  a  mucous  envelope  and  fur- 
nished with  bristles. 

SUB-FAMILY   VII.      CCELASTRE^. 

The  cells  are  either  globose  or  polygonal,  provided  with 
processes  by  which  they  are  united  into  a  hollow  sphere;  or 
broadly  lunate,  and  united  at  the  centre  by  short  stalks. 
Propagation  by  autocolonies  which  are  formed  in  each  cell  of 
the  coenobium. 

Key  to  Genera. 

Coenobium  hollow   Coelastrum* 

Coenobium  solid Sorastrum* 

Description  of  Genera, 

Ccelastrum  Nag.  (Hariotina  Dang.).  —  Coenobium  a 
hollow  globe  formed  of  a  single  layer  of  green,  spherical  or 
angular  cells;  later  the  coenobium  appears  to  be  reticulately 
pierced;  in  older  growths  the  cells  have  become  polygonal 
through  continued  pressure.  Daughter-coenobia  are  developed 
within  the  mother-cell,  and  escape  by  breaking  the  walls  of  the 
latter.    Found  in  ponds. 

C.  microporum    Nag.,  Fig.  51. 

Sorastrum  Kiitz.  ( Selenosphaerium  Cohn ) . —  Differs 
from  Ccelastrum  in  that  the  coenobium  is  solid.  It  is  composed 
of  4,  8,  16,  or  32  wedge-shaped  stalked  cells,  radially  disposed, 
with  spines  (usually  two)  on  each  end.  Propagation  by  auto- 
colonies. 
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S,  spinulosum  Nag.  (?). —  The  common  form  of  So  ros- 
trum in  this  region  is  shown  in  Fig.  213.  It  shows  only  one 
spine  at  each  comer.  A  less  common  form  which  may  be  a 
different  species  is  shown  in  Fig.  55. 

FAMILY  III.      HYDRODICTYACE.E. 

These  plants  are  free-floating,  non-motile  coenobia,  com- 
posed of  cells  arranged  like  a  net  or  in  a  flat  plate.  Pediastrum 
may  have  fifty  cells  and  Hydrodictyon  many  hundreds.  Multi- 
plication by  autocolonies.  Reproduction  by  spores,  which  be- 
come quiescent  within  the  mother  colony  and  then  unite  by 
their  extremities  to  form  a  new  coenobium.  A  fusion  of 
isogamous  gametes  to  form  a  zygospore  also  sometimes  occurs. 
The  two  sub-families  are  probably  not  closely  related. 

Key  to  Sub-families. 

Cells  in  a  flat  plate pediastre^ 

Cells  form  a  network hydrodictye^b 

SUB-FAMILY   I.      PEDIASTRE/E. 

Microscopic  plants  composed  of  a  number  of  small  cells 
united  into  a  flat  disk.  Zoogonidia  formed  in  the  mother-cell 
are  liberated  into  an  external  vesicle,  and  there  form  new 
coenobia. 

Description  of  Genus. 

Pediastrum  Meyen. —  The  plane,  discoid  or  stellate,  free- 
swimming  coenobium  is  formed  of  a  single,  rarely  a  double, 
layer  of  green  cells,  perforated  or  continuous.  The  cells  are 
polygonal,  with  four  or  more  sides ;  the  central  cells  are  entire, 
while  the  marginal  cells  are  often  bilobed;  the  lobes  are 
wedge-shaped,  simple  or  bidentate,  sometimes  drawn  out  into 
hair-like  ends.  The  genus  is  very  abundant  and  variable.  The 
reproduction  is  as  follows: — The  cell  contents  are  at  first 
homogeneous,  later  becoming  granular.  The  granular  contents 
divide  into  small  zoogonidia,  spherical  or  nearly  so,  which 
break  away  from  the  mother-cell  into  an  external  vesicle. 
After  they  have  been  motile  awhile,  they  come  to  rest,  and 
then  divide  and  redivide ;  a  gelatinous  covering  forms  around 
them,  the  cells  arrange  themselves  into  a  single  layer,  and 
gradually  take  on  the  shape  of  the  mother  plant.    Autocolonies 
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are  sometimes  found  in  a  single  cell.  Biciliated  gametes  are 
also  found  which  conjugate. 

P.sp,  (?),Fig.65. 

P.  perttisum  Kiitz.,  Figs.  66,  68,  70,  71. 

P.  pertusum  van  clathratum  A.  Br.,  Figs.  50,  52,  57. 

P.  tetras  Ehrb.,  Fig.  69. 

P.  Boryanum  (Turp.)  Menegh.  var.  granulatum  Kiitz., 
Figs.  58,  59»  67. 

P.  Ehrenbergii    A.  Br.,  Figs.  61,  62,  63,  64. 

SUB-FAMILY  II.      HYDRODICTYEuE. 

Plants  large,  composed  of  a  number  of  large  cells,  which 
are  so  arranged  as  to  form  a  net.  Zoogonidia  swarm  and  be- 
come quiescent  within  the  mother-cell,  and  therfe  unite  to  form 
new  coenobia. 

Hydrodictyon  Roth. —  Coenobium  large,  composed  of 
oblong  cells  joined  at  the  ends,  forming  a  reticulated  stratum, 
at  first  baggy,  then  net-like.  All  the  cells  are  fertile,  breaking 
up  to  form  large  numbers  of  microgonidia  within  the  mother- 
coenobium.  After  a  period  of  activity  they  come  to  rest  and 
form  a  new  coenobium  by  joining  together  at  their  extremities. 
Sometimes  they  become  perfectly  dry ;  but,  when  moistened, 
they  form  biciliated  macrogonidia  which  join  themselves  into 
daughter-coenobia  within  the  mother-cell.  Motile  gametes  are 
also  found  which  become  free  and  conjugate  into  a  globose 
zygote.     The  only  known  species  is  the  following: — 

H,  reticulatutn  (L.)  Lag.,  Figs.  215,  a,  b,  c. 

FAMILY   IV.      PLEUROCOCCACEiE. 

Plants  mostly  unicellular,  sometimes  composed  of  short, 
creeping,  slightly  branched  filaments,  which  are  never  atten- 
uated to  hairs.  The  cell  walls  are  generally  very  firm,  and  the 
cells  aggregate  to  form  indefinite  colonies.  Multiplication  by 
division  in  two  or  three  directions.  Asexual  reproduction 
sometimes  by  means  of  biciliated  zoogonidia.  Of  the  six 
genera  of  this  family  we  have  found  only  one. 

Pleurococcus  Menegh.  (Protococcus  Ag.,  in  part; 
Cystococcus  Nag.;  Chlorococcus  Fries,  in  part;  Pseudo- 
pleurococcus  Snow). —  The  cells  are  usually  globular,  some- 
times angular  from  pressure.     Division  occurs  in  three  direc- 
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tions,  SO  at  times  a  cubical  colony  is  seen,  which  easily  divides 
into  its  respective  cells.  The  plants  are  occasionally  creeping, 
branched  filaments.  A  single  parietal  chloroplast  is  present, 
with  or  without  a  pyrenoid.  Reproduction  by  aplanospores  — 
».  e,,  without  cilia, —  by  rejuvenescence  of  the  mother-cell  con- 
tents, by  isogamous  gametes,  or  by  biciliated  zoogonidia. 

P.  vulgaris  Menegh.,  Fig.  73,  is  a  very  common  form  in 
the  state,  growing  in  damp  places,  upon  stones,  etc.  We  have 
not  found  it  in  water. 

FAMILY  v.      CHARACIACEiE. 

Plants  unicellular,  usually  elongated  and  attenuated  at  both 
ends,  the  lower  end  terminating  in  a  stalk,  generally  furnished 
with  a  disk  by  which  it  is  attached  to  larger  Algae.  A  single 
parietal  chloroplast  with  one  pyrenoid  is  present.  Reproduc- 
tion by  numerous  zoogonidia  formed  by  division  of  the  cell 
contents  at  first  transversely,  then  longitudinally.  These  por- 
tions become  rounded  off,  become  biciliated,  and  escape  by 
a  lateral,  or,  more  rarely,  a  terminal  pore.  Each  zoogonidium 
becomes  a  new  plant  on  coming  to  rest. 

Characium    A.  Br. —  Coextensive  with  the  family. 

C.  NcBgelii    A.  Br.,  Fig.  53. 

C  ambiguum    Herm.,  Fig.  56. 

FAMILY  VI.      VOLVOCACEiE. 

Plants  unicellular,  or  consisting  of  coenobia  with  a  definite 
number  of  cells,  always  ciliated  and  motile.  Multiplication  by 
division  of  the  mother-cell  into  2,  4,  or  8  daughter-cells.  Re- 
production both  by  the  union  of  isogamous  planogametes  and, 
in  the  higher  genera,  by  heterogamous  gametes. 

The  Volvocaceae  are  sometirnes  found  in  immense  quantities, 
and  frequently  give  an  oily  taste  and  odor  to  drinking  water. 
They  are  closely  related  to  the  Flagellata,  and  some  of  them 
are  frequently  classed  with  the  Protozoa. 

Key  to  Sub-families. 
Composed  of  colonies  of  many  cells ;   cells  with  two 

cilia    voLVOCEuE 

Composed  of  single  cells  with  two,  or  rarely  four, 

cilia     CHLAMYDOMONADEiE 
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SUB-FAMILY   I.      VOLVOCE^. 

Motile  coenobia ;  cells  vaning  in  number  from  4  to  20,000, 
globose  or  ovoidal,  with  a  distinct  but  thin  cell  wall ;  cilia  two ; 
chloroplast  one  of  very  variable  form,  usually  including  a  single 
pyrenoid.  Cells  usually  imbedded  in  a  common  mucilaginous 
investment;  more  rarely  united  by  protoplasmic  processes. 
All  the  cells  may  be  capable  of  reproducing  the  plant,  or  there 
may  be  a  differentiation  into  vegetative  and  reproductive  cells. 
Vegetative  reproduction  by  division  of  some  or  all  of  the  cells 
to  form  daughter-coenobia.  Isogamous  or  heterogamous  sexual 
reproduction. 

Key  to  Genera. 

1.  Colonies  spherical  or  circular 2 

Colonies  flat,  cells  4-16,  angles  rounded,  in  a  color- 
less sheath Gonium 

2.  No  gelatinous  covering,  cells  many,  in  a  hollow  globe 

Volvox* 
No  gelatinous  covering,  cells  16,  arranged  in  four 

rows   Spondylonwrum* 

With  a  gelatinous  covering 3 

3.  Colony  ovate  or  spherical 4 

Colony  of  eight  cells,  in  an  equatorial  zone  in  a 

spherical  or  ellipsoidal  investment Stephanosphcera 

4.  Cells  16-32,  globose,  not  crowded,  but  scattered  at 

regular  intervals  on  a  colorless  sphere Eudorina* 

Cells  8,  16,  32,  or  64,  globose,  crowded,  often  angular 
from  pressure Pandorina* 

Description  of  Genera, 
Gonium  Miiller  (inclus.  Tetragonium  West). —  Four  to 
sixteen  cells  so  placed  in  a  flat  stratum  as  to  form  a  quadrangle 
with  roimded  angles.  A  colorless  tegument  covers  all.  Cells 
globular  except  when  angular  from  pressure.  The  cilia  all 
arise  from  one  surface  of  the  colony.  When  old,  the  cells 
become  granular  and  are  connected  by  produced  angles.  Re- 
production by  repeated  division  of  the  cytoplasm  into  zoogo- 
nidia.  Multiplication  by  daughter-coenobia  formed  in  each  cell 
of  the  mother-coenobium. 
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Volvox  Ehrb. —  Coenobium  spherical,  hollow,  the  surface 
composed  of  green  cells  estimated  as  high  as  22,000,  arranged 
regularly  on  the  wall,  and  each  provided  with  two  cilia,  which 
reach  through  the  gelatinous  covering  and  keep  the  coenobium 
in  constant  motion.  Each  green  cell  is  attached  to  the  six  sur- 
rounding ones  by  fine  threads  which  are  difficult  to  see  even 
under  high  power  and  with  favorable  light.  Oogonia  and 
antheridia  are  developed  from  vegetative  cells,  and  a  brown, 
smooth  or  star-shaped  cell  is  often  found  which  is  supposed  to 
be  a  fertilized  oospore  in  a  resting  stage.  Asexual  reproduc- 
tion takes  place  by  the  division  of  the  larger  vegetative  cells, 
which  form  new  families.  These  after  sufficient  growth 
separate  from  the  mother-cell  and  begin  life  independently. 

V,  aureus    Ehrb.,  Fig.  75. 

V.  globator  (L.)  Ehrb.,  Fig.  76.  Fig.  74  is  a  fertilized 
oospore.  These  are  frequently  found  within  the  coenobia,  and 
also  occur  free  in  the  water.  Ehrenberg  named  it  V.  stellata, 
but  of  course  this  was  an  error. 

Spondylomonun  Ehrb.  (Uvella  Ehrb.;  Phacolomonas 
Stein.). —  Coenobium  of  sixteen  cells  in  four  alternating  rows, 
each  cell  with  four  cilia. 

S.  quaiernarium    Ehrb.,  Fig.  288. 

Stephanosphaera  Cohn. —  Eight  green  cells,  each  having 
two  vibrating  cilia,  are  arranged  at  regular  intervals  in  an 
equatorial  circle,  enclosed  in  a  colorless  sphere.  Propagation 
by  macrogonidia,  formed  by  eight-fold  division  of  the  green 
cells,  each  bearing  two  cilia  and  a  lateral  red  spot,  and  gathered 
into  families  of  eight ;  or  by  microgonidia,  each  provided  with 
four  cilia,  formed  by  repeated  division,  and  at  first  revolving 
within  the  common  sphere,  afterwards  escaping  singly.  In 
hollow  rocks  and  pools  after  rain. 

Eudorina  Ehrb.  (Eudorinella  Lemmermann). —  Coeno- 
bium somewhat  oval  or  spherical,  composed  of  16  or  32  globular 
green  cells,  each  with  two  cilia,  arranged  around  the  color- 
less sphere  at  nearly  regular  intervals.  Usually  four  of  the 
32  cells  develop  antheridia  and  the  rest  oogonia  for  the  sexual 
reproduction.  Asexual  reproduction  by  the  division  of  the 
cells  into  16  or  32  parts  to  form  daughter-coenobia. 

£.  elegans   Ehrb.,  Fig.  285. 
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Pandorina  Bory. —  Coenobium  spherical,  covered  by  a 
coloriess  jelly.  Cells  8,  i6,  or  32,  green,  spherical,  each  covered 
with  a  thin  membrane  and  furnished  with  two  widely  divergent 
cilia,  often  so  crowded  as  to  be  angular.  Propagation  sexual, 
by  the  conjugation  of  isogamous  gametes.  Cells  of  a  coenobium 
divide  into  eight  daughter-cells;  these  become  two-ciliated 
gametes,  and  are  scattered  and  conjugate  with  similar  cells 
from  other  coenobia;  they  flow  together  and  produce  a 
zygospore,  which,  after  a  season  of  rest,  develops  one  to  three 
biciliate  macrospores,  and  these  in  their  turn  develop  new 
ccenobia.  Asexual  multiplication  by  formation  of  a  daughter- 
coenobium  from  each  of  the  cells  of  the  mother-coenobium. 
P.  morum  (Mull.)  Bory,  Figs.  286,  287. 

SUB-FAMILY   II.      CHLAMYDOMONADE.E. 

The  plants  are  unicellular,  spherical  or  ovoid,  with  thin 
walls,  and  two  or  rarely  four  cilia.  The  chloroplast  is  in  the 
posterior  end  of  the  cell  and  usually  contains  one  pyrenoid. 
Reproduction  by  division  of  the  resting  cell  into  2,  4,  or  8 
daughter-cells.  Non-motile  spores  sometimes  occur.  Sexual 
reproduction  by  conjugation  of  ciliated  gametes,  either  isoga- 
mous or  heterogamous,  which  are  similar  to  the  vegetative 
cells,  though  smaller.  They  arise  by  division  of  the  contents 
of  the  mother-cell,  sometimes  as  many  as  64  resulting  from  one 
cell. 

Key  to  Genera. 

Contents  of  cell  close  to  cell  wall Chlamydomonas* 

Contents  of  cell  connected  with  cell  wall  by  threads 

Sphcerella 

Description  of  Genera. 

Chlamydomonas  Ehrb. —  Vegetative  cells  ovate,  green, 
enclosed  in  a  narrow,  colorless  tegument,  frontal  extreme  some- 
times produced  to  a  beak  with  two  cilia,  other  end  with  large 
chloroplast,  and  with  or  without  a  red  lateral  spot.  Gametes 
formed  by  continued  division  of  cell  contents  of  vegetative 
cells,  numerous,  oblong,  or  ovate,  pale  green  or  yellow,  after- 
wards brownish.    Zygospores  globular,  red  or  brownish. 

Chlamydomonas  is  abundant  in  the  reservoirs  of  the  state. 

C.  pulvisculus    Ehrb.,  Fig.  289. 
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According  to  West  the  forms  with  four  cilia  should  be 
named  Carteria,  Fig.  290.  Both  the  two-  and  the  four-ciliate 
forms  are  common  in  our  waters. 

Sphaerella  Sommerfeldt  (Chlamydococcus  A.  Br.; 
Haematococcus  Ag.). —  Like  ChlamydomotMS,  except  that 
the  cell  walls  are  outstanding  and  joined  to  the  cell  contents  by 
fine  threads.  There  is  always  more  or  less  red  coloring  matter 
present. 

[S,  lacustris  (Girod.)  Witter.] 

ORDER  II.   -ULVALES. 

Thallus  expanded  and  parenchymatous;  attached  when 
young  by  rhizoids.  Each  cell  is  furnished  with  a  single  nucleus 
and  a  parietal  chloroplast,  often  quite  large,  containing  one 
pyrenoid. 

FAMILY   I.      ULVACE.E. 

Most  of  the  genera  of  this  family  are  inhabitants  of  salt 
or  brackish  water.  The  thallus  consists  of  an  expanse  of  cells 
arranged  compactly  with  their  longer  axes  at  right  angles  to 
the  plane  of  the  thallus;  either  flat  or,  more  rarely,  tubular. 
The  cells  are  uninucleate,  with  a  single  parietal,  often  ragged, 
chloroplast,  containing  one  pyrenoid. 

Asexual  reproduction  by  zoogonidia  with  4  cilia,  and  by 
gemmae.  Sexual  reproduction  by  isogamous  gametes.  The 
contents  of  a  vegetative  cell  divide  into  8  (sometimes  4  or  16) 
gametes,  smaller  than  the  zoogonidia,  which  are  pear-shaped, 
with  a  pigment  spot  and  two  long  cilia.  As  a  result  of  conjuga- 
tion a  rounded  cell  with  two  pigment  spots  and  4  cilia  is 
formed,  which  becomes  a  zygospore  on  losing  its  cilia. 

Enteromorpha  Lk. —  Thallus  tubular,  membranaceous ; 
at  first  fixed,  then  floating;  sometimes  branched.  It  is  either 
green  or  pale  olive-colored.  Reproduction  as  in  the  family. 
Found  in  salt  or  fresh  water. 

ORDER  III.    SCHIZOGONIALES. 

The  thallus,  often  attached  by  rhizoids,  is  filamentous, 
sometimes  several  filaments  being  joined  laterally  to  form  a  flat 
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plate.  Each  cell  contains  one  nucleus  and  a  central  stellate 
chloroplast  with  one  p}  renoid.  The  cells,  especially  of  young 
plants,  often  divide  in  two  or  three  directions. 

FAMILY  I.      PRASIOLACE^. 

Coextensive  with  the  order. 

Prasiola  Ag.  (inclus.  Schizogonium  Kiitz.,  and  Hor- 
midium  Kiitz.,  in  part). —  Found  on  moist  earth,  trunks  of 
trees,  rocks,  stones,  etc.;  some  species  require  very  little 
moisture.  The  cells  of  the  filamentous  thallus  are  broader  than 
long,  and  those  of  the  flat  plates  quadrate  or  polygonal.  The 
cell  walls  are  strong  and  colorless.  Reproduction  by  gemmae, 
by  resting  spores  liberated  at  the  margin  of  the  thallus,  and  by 
tetraspores. 

ORDER  IV.    CH^TOPHORALES. 

Thallus  filamentous,  simple  or  usually  branched.  Branches 
generally  attenuated  and  bearing  long  hairs.  The  uninucleate 
cells  possess  each,  except  in  Trentepohliacece,  a  single  parietal 
chloroplast  with  one  or  more  pyrenoids.  Asexual  reproduction 
by  resting  spores  or  zoogonidia  with  two  cilia.  Sexual  repro- 
duction by  isogamous  planogametes  with  two  cilia,  or  by 
heterogamous  gametes. 

Key  to  Families, 

1.  Plant  entirely  filamentous,  simple 2 

Plant  of  branched  filaments  forming  a  flat  cushion- 
like expansion  enveloped  in  mucilage 

COLEOCHiETACEiE 

2.  Filaments  branched 3 

Filaments  not  branched 5 

3.  Gametes  arise  from  special  cells  only 

TRENTEPOHLIACEiE 

'Gametes  arise  from  any  cell  of  the  filament 4 

Jmall  creeping  filaments  upon  water  plants;    cells 

globose  or  cylindrical herposteiracea 

.ike  the  above,  but  with  flask-shaped  cells 

CHiCTOSPHiCRIDIACEiB 

^lant  not  creeping ch^tophorace^ 
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5.     Cells  with  thick  lamellose  coats,  in  a  series  inside  a 

lamellose  sheath cylindrocapsace^ 

Cells  without  lamellose  coat ulotrichacEuE 

FAMILY   I.      TRENTEPOHLIACEiE. 

Thallus  filamentous  and  branched,  filaments  erect  or  creep- 
ing, growing  on  the  ground  or  on  tree  trunks.  The  cell  walls 
are  firm  and  lamellose.  The  cells  are  uninucleate,  and  possess 
one  or  many  parietal  chloroplasts  with  or  without  pyrenoids. 
The  color  of  the  plants  is  usually  brown  or  reddish.  Zoogo- 
nidia  are  developed  only  in  cells  especially  set  apart,  either  on 
the  ends  of  the  branches  or  intercalated.  These  motile  spores 
sometimes  conjugate.  Spores  are  sometimes  produced  which 
rest  for  a  period  before  germinating,  called  resting  spores  or 
hypnospores. 

Key  to  Genera. 

Terrestrial  or  arboreal ;    chloroplasts  several 

Trentepohlia* 
Aquatic;  cells  that  produce  zoogonidia  are  terminal 

Gongrosira 
Aquatic;   cells  that  produce  zoogonidia  not  terminal 

Leptosira 

Description  of  Genera. 
Trentepohlia  Mart.  (  Chroblepus  Ag. ) . —  Filaments 
irregularly  branched,  often  so  dense  that  the  branches  and 
stem  cannot  be  easily  distinguished;  primary  branches  and 
stem  of  same  thickness.  Cell  contents  reddish  brown,  golden- 
yellow,  or  olive-colored.  About  32  red-brown  or  golden-yellow 
zoospores  in  a  cell  which  is  set  apart  especially  for  the  purpose, 
usually  on  the  end,  sometimes  on  the  side  of  the  filament. 
[T.  aurea  (L.)  Mart.;  T.  lolithus  (L.)  Wittr.] 
Gongrosira  Kiitz.  (inclus.  Pilinia  Kiitz.,  in  part). —  The 
plant  is  attached  by  a  mass  of  cells,  formed  by  a  confluence 
of  creeping  branches.  From  this  mass,  which  may  be  of  one 
or  many  layers  of  cells,  numerous  erect  branched  filaments 
arise.  The  whole  is  frequently  encrusted  with  lime.  The  cell 
walls  are  thick  and  lamellose,  and  the  chloroplast  is  parietal 
with  otle  or  many  pyrenoids.    Zoogonidia  are  found  in  flask- 
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shaped,   terminal  zoogonidiangia.     The  spores  are  ordinary 
cells  from  the  recumbent  branches  which  become  detached. 

Leptosira  Borzi. —  Very  much  like  Gongrosira.  The 
thallus  is  in  the  form  of  a  minute  bright  green  cushion.  The 
cells  are  light  yellow-green,  the  terminal  cells  being  elliptical 
or  irregular.  The  zoogonidiangia  are  intercalated  and  not 
terminal.  The  zoogonidia  either  germinate  directly,  or  con- 
jugate in  pairs  and  form  resting  spores.  The  ends  without 
cilia  fuse  first  in  conjugation. 

FAMILY   II.      CHiETOPHORACEiE. 

The  thallus  is  branched,  and  the  branches  are  attenuated 
sometimes  into  long  hyaline  hairs;  it  is  usually  differentiated 
into  creeping  and  erect  portions.  The  creeping  portion  is  at- 
tached by  rhizoids,  is  branched,  and  is  more  or  less  torulose. 
The  cells  of  the  creeping  portion  are  more  or  less  swollen,  and 
the  branching  is  irregular.  Each  cell,  except  those  of  the 
terminal  hairs,  is  provided  with  a  parietal  irregular  chloroplast, 
containing  a  single  pyrenoid. 

Zoogonidia,  from  i  to  i6,  may  be  produced  in  each  cell  of 
the  thallus  except  those  of  the  rhizoids  and  the  terminal  hairs. 
They  possess  a  red  pigment  spot  and  2  or  4  cilia,  and  vary 
much  in  size.  Spores  of  a  red-brown  color  are  produced  in  all 
the  genera  of  the  Chaetophoraceae.  The  gametes  possess  only 
two  cilia,  conjugate  in  pairs,  and  produce  zygospores  which 
rest  for  a  short  period  before  germinating. 

Key  to  Genera, 

1.  Plants  less  than  i   mm.  high,  without  setae 

Microthamnion* 
Plants  larger,  branches  attenuated,  and  with  setae. . .       2 

2.  Filaments  fine,  showing  little  diflference  in  character 

of  stem  and  branch,  not  in  tufts  in  gelatinous 
masses Myxonema* 

Filaments  fine,  in  tufts  in  a  dense  gelatinous  substance 

Chcptophora* 

Filaments  and  main  branches  large,  bearing  tufts  of 
small  branchlets Draparnaldia* 
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Description  of  Genera. 

Microthamnion  Nag. —  Filaments  articulate,  variously 
branched,  straight;  end  cell  at  first  linear,  then  obtuse,  and 
finally  swollen  into  a  sporangium.  The  plants  are  at  first  fixed, 
but  later  free-floating.  The  branches  arise  just  below  a  trans- 
verse cell  wall.  The  chloroplast  is  parietal,  long  and  entire,  and 
lacks  a  pyrenoid. 

This  genus  is  frequently  placed  with  the  Trentepohliacecp ; 
but  Hazen  states  that  the  zoogonidia  may  be  produced  in  any 
cell  of  the  filament,  and  hence  it  has  its  relationship  near 
Myxonema.  Two  species  are  found  in  Connecticut,  according 
to  Hazen. 

[M.  Knetzingianum    Nag. ;  M,  strictissimum    Rab.] 

Myxonema  Fries  (Stigeoclonium  Ktitz.). —  Filamentous, 
simple,  branched,  articulate;  the  branches  not  in  tufts,  in  ap- 
pearance much  like  the  main  stem,  with  the  end  cells  often 
drawn  out  into  long,  colorless  bristles.  The  chloroplasts  are 
scattered  or  arranged  as  in  Draparnaldia.  One  to  many  zoogo- 
nidia, each  with  two  or  four  vibrating  cilia,  formed  from  the 
contents  of  one  cell.  Gametes  with  4  cilia.  Zygospores  smooth 
or  stellate. 

M,  attenuatum    Haz.,  Fig.  220. 

M.  tenue  (Ag.)  Rab.,  Figs.  79,  82. 

M.  nanum  (Dillw.)  Haz.,  Fig.  284. 

M,  lubricum  var.  varians    Haz.,  Fig.  81. 

M,sp,  (?),  Fig.  78. 

[M.  Aagelliferum  (Kutz.)  Rab.] 

Chaetophora  Schrank. —  Plants  enveloped  in  a  hard,  gela- 
tinous covering  of  a  globose,  plane  or  lobed  form.  Thallus 
filamentous,  articulated  and  branched.  Stems  radiately  dis- 
posed, dividing  into  short  branchlets,  sometimes  ending  in  a 
bristle.  The  zoogonidia  have  two  or  four  cilia,  and  resting 
spores  are  generally  developed  from  terminal  cells  and  are 
brown. 

C  incrassata    (Huds.)    Haz.,  Fig.  221. 

C.  pisiformis   (Roth)   Ag.,  Fig.  222. 

[C.  attenuata  Haz.] 

Draparnaldia  Ag. —  Filaments  articulate,  much  branched. 
The  stem  is  thick  and  composed  of  sterile  cells,  colorless 
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except  for  the  chloroplast,  which  is  in  the  shape  of  a  trans- 
verse band.  The  filaments  are  furnished  more  or  less  densely 
with  alternate  or  opposite,  tufted  branches.  These  are  com- 
posed of  smaller,  green,  fertile  cells,  the  end  cell  often  a  color- 
less spine.  From  one  to  four  zoogonidia,  with  four  cilia  apiece, 
arise  from  each  cell  of  the  lateral  branches.  Usually  all  the 
cells  of  one  tuft  form  zoogonidia  at  the  same  time,  and  the 
whole  process  occupies  but  a  few  minutes.  A  gelatinous 
sheath,  soft  and  slippery,  covers  the  whole.  Found  in  clear 
streams,  attached  to  stones  or  water-plants. 

D,  plumosa    (Vauch.)    Ag.,  Figs.  83,  84. 

£).  glomerata  (Vauch.)  Ag.,  Fig.  217. 

[D,  acuta  (Ag.)  Kutz.] 

FAMILY  III.      CYLINDROCAPSACEiE. 

Filamentous  green  Algae,  without  branches  or  roots,  living 
either  in  water  or  air.  The  filaments  are  covered  with  a  thick, 
lamellose  sheath,  and  the  cells  are  lamellose  and  are  in  2 
single  series. 

In  an  ordinary  vegetative  cell  the  contents  mass  together  to 
form  one  oosphere.  The  antherozoids,  which  change  from 
green  to  red  or  orange,  are  each  provided  with  two  short 
cilia.  After  the  oosphere  is  fertilized,  it  also  changes  to  red  or 
orange,  and  lies  resting  for  some  time  before  it  germinates. 

Cylindrocapsa  Reinsch. —  With  the  characters  of  the 
family.    They  are  at  first  attached,  then  floating. 

FAMILY  IV.        ULOTRICHACEyE. 

Filaments  simple,  composed  of  cylindrical  or  of  rounded 
cells.  The  cell  wall  is  always  colorless,  though  of  varying 
thickness.  Each  cell  contains  a  single  parietal  chloroplast 
with  irregular  margins  and  one  pyrenoid.  Asexual  reproduc- 
tion takes  place  in  various  ways.  Both  motile  and  non-motile 
spores  are  produced;  of  the  former  some  are  large  (macro- 
zoogonidia)  and  some  small  (microzoogonidia).  The  plants 
also  multiply  by  dismemberment  of  the  filament  into  single 
cells  or  series  of  cells.  Sexual  reproduction  by  isogamous 
gametes. 
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Key  to  GenercL 
Filaments  attached;   chromatophore  a  homogeneous 

zonate  band,  with  one  to  several  pyrenoids. . .  Ulothrix* 
Filaments  not  attached;    chromatophore  a  parietal 

disk  or  plate,  with  one  pyrenoid Stichococcus* 

Filaments  generally  not  attached;  chromatophore 
granular,  covering  more  or  less  completely  the 
whole  cell  wall,  containing  starch  but  no  pyrenoids 

Microspora* 
Description  of  Genera. 

Ulothrix  Ktitz.  (Hormiscia,  as  used  by  Rabenhorst, 
Hansgirg,  and  De  Toni). —  Filaments  simple;  each  cell  except 
the  basal  cell  capable  of  reproduction.  The  chloroplast  is 
parietal  with  one  or  many  pyrenoids.  Asexual  reproduction  by 
zoospores.  Sexual  reproduction  by  conjugation  of  gametes, 
of  which  eight  or  more  may  be  formed  in  a  cell. 

C/.  zonata  (Web.  and  Mohr)  Kutz.,  Fig.  94. 

U.  tenerrima    Kutz.,  Fig.  93. 

Figures  86  to  91  are  specimens  of  Ulothrix  of  which  we 
have  not  determined  the  species. 

[U.  implexa  Kutz.;  U.  Aacca  (Dillw.)  Thur.] 

Stichococcus  Nag.  (Hormococcus  Chodat). —  Very  like 
Ulothrix,  but  unlike  it  in  being  almost  wholly  aerial,  and  in 
the  fact  that  the  filaments  easily  and  commonly  dissociate  into 
cylindrical  cells  or  small  groups.  The  dissociation  frequently 
occurs  first  on  the  one  side  and  then  on  the  other,  giving  a 
zig-zag  appearance.  Each  cell  has  a  parietal  chloroplast, 
usually  occupying  a  part  of  the  cell  wall  and  containing  a 
small  pyrenoid.  Propagation  by  cell  division,  breaking  up  of 
the  filaments,  by  non-motile  spores,  and  by  biciliated  zoogonidia. 

S.  Haccidus  (Kiitz.)  Gay,  found  but  not  figured. 

[5*.  rivtdaris   (Kutz.)  Haz.] 

Microspora  Thur. —  Filaments  composed  of  cylindrical 
or  slightly  swollen  cells.  The  firm,  sometimes  lamellose  cell 
walls  occasionally  break  up  into  H-shaped  pieces,  each  piece 
composed  of  a  transverse  wall  and  portions  of  the  lateral  walls 
of  the  two  adjoining  cells.  The  cells  are  uninucleate,  and  a 
more  or  less  reticulated  chloroplast  occupies  the  cell  w.all. 

4 
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Resting  spores  with  thick  walls  are  produced,  usually  one 
in  each  cell,  and  also  two-  to  four-ciliate  zoogonidia. 

M,  Wittrockii  (Wille)  Lag.,  Fig.  216. 

M.  Stagnorum  (Kutz.)  Lag.,  Fig.  92. 

[M.  abbreviata  (Rab.)  Lag.;  M.  amcena  (Kutz.)  Rab.; 
M.  crassior     (Hansg.)  Haz.] 

FAMILY  V.      HERPOSTEIRACEiE. 

The  thallus  is  a  creeping  filament,  sometimes  branched, 
and  growing  on  larger  Algae  or  other  water  plants ;  most  of  the 
cells  have  a  bristle  on  the  back,  which  is  bulbous  at  the  base  and 
separated  from  the  cell  by  a  septum. 

In  the  sexual  reproduction,  cells  in  the  centre  of  the  thallus, 
devoid  of  bristles,  form  the  oogonia.  One  oosphere  is  formed 
in  each  oogonium,  and  is  ejected  through  an  opening  in  the 
wall.  The  oosphere  is  large  and  slowly  motile,  provided  with 
.  four  cilia.  Smaller  cells  on  the  end  of  the  thallus,  frequently 
colorless,  form  the  antheridia.  One  or  two  swiftly  moving 
antherozoids,  pear-shaped,  each  with  four  cilia  and  two  pul- 
sating vacuoles,  are  produced  in  each  antheridium,  and  they 
unite,  outside  the  oogonium,  with  the  oosphere. 

Herposteiron  Nag.  (Aphanochaete  A.  Br.,  Berth., 
Huber). —  Coextensive  with  the  family. 

H.  Confervicola    Nag.,  Fig.  80&. 

[H.  vermiculoides    WoUe.] 

FAMILY  VI.      CHJETOSPHiERIDIACEJE. 

Thallus  creeping,  composed  of  flask-shaped  cells  more  or 
less  loosely  joined,  and  each  bearing  a  very  long  and  slender 
seta,  sheathed  at  the  base.  Cell  division  horizontal,  the  lower 
daughter-cell  migrating  to  the  side. 

Asexual  reproduction  by  zoospores,  formed  to  the  number 
of  four  or  more  (?)  in  a  cell. 

Chaetosphafiridium  Klebahn. —  Coextensive  with  the 
family. 

FAMILY  VII.      COLEOCH-fiTACRfi. 

Small,  bright  green  water-plants.  The  thallus  forms  small 
green  cushions  or  discs.   The  cells  in  the  common  species  often 
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form  a  flat,  more  or  less  circular  plane,  or  are  arranged  as  fila- 
ments radiating  from  one  point  The  cells  are  oblong,  more 
or  less  dilated  at  the  anterior  end,  and  some  of  them  bear  a 
colorless  bristle  fixed  in  a  long  and  narrow  sheath. 

The  oogonium  is  round,  on  a  slender  neck  —  the  continua- 
tion of  the  end  cell  of  the  plant.  Antheridia  found  either  on  a 
neighboring  cell  or  on  a  separate  thallus.  The  oospore  rests 
for  the  winter,  and  develops  in  the  following  spring.  Asexual 
reproduction  by  zoogonidia,  which  are  larger  than  tlie  anthero- 
zoids  and  may  be  developed  in  any  cell. 

Coleochafite    Breb. —  Coextensive  with  the  family. 

C.  irregularis    Pringsh.  (?),  Fijg^.  80a. 

C.  scutata   Breb.,  Fig.  243. 

ORDER  V.    CEDOGONIALES. 

Thallus  of  simple  or  branched  filaments,  fixed.  The  cells 
are  uninucleate,  and  with  a  parietal,  more  or  less  anastomosing 
chloroplast  containing  one  or  more  pyrenoids.  In  the  vegeta- 
tive division  new  pieces  of  the  cell  wall  are  intercalated. 
The  zoogonidia  are  possessed  of  a  circle  of  numerous  cilia 
around  the  anterior  end.    Antheridia  and  oogonia  are  present. 

FAMILY  I.      CEDOGONIACEJE. 

Filaments  branched  or  tmbranched,  attached  in  early  stages. 
Cell  multiplication  by  transverse  division,  shown  by  transverse 
striae,  usually  at  the  end  of  the  mother-cell. 

The  oogonia  are  developed  in  a  series  of  vegetative  cells, 
and  are  at  first  green,  then  orange,  and  finally  dark  red  or 
almost  black.  There  are  two  kinds  of  male  plants,  dwarf  and 
elongated ;  the  dwarf  males  are  attached  to  female  plants,  and 
the  elcHigated  males  are  composed  of  a  short  series  of  cells 
forming  an  independent  thread. 

Asexual  reproduction  by  zoogonidia.  The  entire  contents 
of  a  cell  gather  in  one  mass,  the  cell  wall  splits  near  one  end, 
and  the  mass,  with  a  small  colorless  protuberance  on  one  end 
surrounded  by  numerous  cilia,  escapes  and  swims  away  to 

form  a  new  plant. 

Key  to  Genera, 

'Cells  long,  without  a  laterally  placed  hnsHLt. (Edogonium* 
Cells  short,  with  a  laterally  placed  bristle Bulbochste^ 
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Description  of  Genera. 

CEdogonium  Lk. —  Filaments  simple,  articulate;  the  end 
cell  sometimes  setiform,  sometimes  with  an  acute  conical  cap; 
cells  enlarged  at  the  upper  extremities.  The  oogonia  and 
antheridia  are  either  on  the  same  or  on  different  filaments. 
Dwarf  males,  shaped  like  inverted  flasks,  are  parasitically  sit- 
uated near  the  oogonium.  The  elongated  males  are  inde- 
pendent and  shorter  than  the  female  plant.  When  a  cell  has 
reached  maturity,  it  splits  below  the  top  by  a  circular  line,  the 
top  is  raised  by  growth,  and  a  new  cell  formed.  This  may 
split  again,  and  a  new  growth  push  the  top  up  and  leave  an- 
other ring;  this  may  be  repeated  five  or  six  more  times,  leaving 
a  new  ring  each  time. 

O.sp.  (?),Fig.96. 

O.  cardiacum  (Hass.)  Wittr.  (?),  Fig.  228.  Male  and 
female  specimens. 

[O.  crenulatO'COStatum    Wittr.] 

Bulbochaete  Ag. —  Filaments  much  branched;  almost  all 
the  cells  thickened  upwards,  and  bearing  on  that  end  long, 
thin,  transparent  bristles,  bulbose  at  the  base.  Reproduction 
as  in  CEdogonium,  The  plants  are  more  often  mixed  than  in 
CEdogonium,  and  are  enveloped  in  a  quantity  of  mucus. 

B.  sp,  (?),  Figs.  97,  98. 

[B.  intermedia    DeBary.] 

ORDER  VI.     CLADOPHORALES. 

Three  families,  very  like  the  SiphotMles,  comprise  this 
order.  The  thallus  is  simple  or  branched,  incompletely  divided 
into  cells.  Each  portion  contains  many  nuclei  and  parietal 
chloroplasts,  with  single  pyrenoids.  Asexual  reproduction  by 
resting  spores,  cysts,  or  zoogonidia  with  two  or  four  cilia. 
Sexual  reproduction  by  heterogamous  or  isogamous  gametes. 

The  order  is  divided  into  families,  as  follows:  — 

Key  to  Families. 
I.     Filaments  unbranched,  compound  or  elongated  coeno- 

Cytes     SPHiEROPLEACEiE 

Filaments  branched 2 
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2.    Producing  barrel-shaped  and  fusiform  resting  spores 

PITHOPHORACEi£ 

Without  the  barrel-shaped  resting  spores 

CLADOPHORACE^ 
FAMILY  I.      SPH^ROPLEACEJE. 

The  thallus  is  unbranched,  composed  of  cells  from  one  to 
ninety  times  as  long  as  wide,  each  with  several  nuclei,  and 
parietal  chloroplasts  in  the  form  of  rings.  Any  segment  of  the 
filament  may  form  an  oogonium  or  a  bright  red  antheridium. 
These  sometimes  alternate  in  a  filament.  Many  antherozoids 
are  formed  on  the  breaking  up  of  the  antheridium,  and  they 
penetrate  the  oogonium  through  the  transverse  walls.  Bright 
red  oospores  with  thick  walls  are  produced,  which  hibernate  in 
the  oogonium,  and  on  germination  from  two  to  eight  zoospores 
are  set  free,  which  produce  young  plants,  simple,  fusiform,  at- 
tenuated to  a  fine  point  on  each  end. 

Sphaeroplea  Ag. —  Coextensive  with  the  family.  Its  fila- 
ments are  36-62  microns  in  diameter. 

FAMILY  IL      PITHOPHORACE-E. 

Thallus  much  branched,  segments  six  to  twelve  or  more 
times  longer  than  broad.  Usually  many  nuclei  in  a  segment, 
chloroplast  parietal;  growth  apical;  attached  below  by  a 
rhizoid.  Asexual,  green  resting  spores  with  thick  walls  are 
produced  here  and  there;  when  intercalated,  cask-shaped; 
when  terminal,  ovoid  or  fusiform.  They  develop  on  germina- 
tion at  both  ends. 

Pithophora  Wittr. —  Coextensive  with  the  family.  It  is 
almost  exclusively  tropical. 

FAMILY  III.      CLADOPHORACE^ 

Thallus  large,  filamentous,  incompletely  septate,  branched 
in  Cladophorck  Each  segment  contains  several  nuclei  and  one 
reticulated  parietal  chloroplast  or  several  smaller  ones,  each 
with  a  pyrenoid.  In  Cladophora  and  Chatomorpha  asexual  re- 
production is  by  zodgonidia,  formed  in  great  numbers  in  the 
mother-celL  Rhizoclonium  produces  thick-walled  cysts.  Clado- 
phora has  also  an  isogamous  sexual  reproduction. 
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The  Cladophorace<B  secrete  very  little  or  no  mucus,  and 
are,  therefore,  a  resting  place  for  epiphytes. 

Key  to  Genera. 

1.  Filaments  unbranched;    cells  often  slightly  swollen 

Chatomorpha 
Filaments  commonly  branched;  cells  not  swollen. . .       2 

2.  With  branched  rhizoids RhiBOclonium* 

Without  rhizoids   Cladophora'^ 

Description  of  Genera, 

Chaetomorpha  Kutz. —  Wide,  simple  filaments  of  thick- 
walled,  swollen  segments ;  fixed  at  the  base,  the  basal  segments 
being  shorter  than  the  rest.  The  cell  wall  is  firm  and  lamellose. 
Mostly  marine  or  in  brackish  water. 

Rhixoclonium  Kutz. —  Filaments  slightly  branched,  with 
branched  rhizoids  at  the  base ;  articulate,  somewhat  contorted, 
having  here  and  there  short  branches  composed  of  from  oat 
to  three  cells. 

[R,  lacustre  forma  Americanum  Wille ;  R.  hieroglyphicum 
van  macromeres    Nordst] 

Cladophora  Kutz. —  Filaments  much  branched,  the  last 
branches  much  thinner  than  the  main  stem ;  cell  walls  thick, 
cells  longer  than  broad.  Propagation  by  zoogonidia,  which 
develop  in  large  numbers  within  the  cells. 

C.  glomerata  (L.)     Kiitz.,  Fig.  274. 

[C  callicoma  Kutz.] 

ORDER  VII.    SIPHONALES. 

Plant  composed  of  an  elongated  coenocytic  filament  {coino- 
cyte),  which  is  much  branched.  The  order  inhabits  salt  water 
almost  exclusively.  The  only  family  living  in  fresh  water  is 
the  VaucheriacetB. 

FAMILY   I.      VAUCHERIAC££. 

Thallus  elongated,  somewhat  branched,  coenocytic,  usually 
attached.  The  protoplasm  contains  many  minute  nuclei.  The 
oval  chloroplasts  are  small  and  numerous.  The  cell  wall  is 
thin  and  easily  broken ;  after  which  the  injured  part  is  cut  off 
by  a  septum,  and  the  uninjured  parts  develop  into  new  plants. 
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Vaucheria  D.  C— ^Many  filaments  growing  from  one 
rooty  green,  rather  stout.  A  single  filament  usually  more  or 
less  branched,  with  chlorophyll  quite  evenly  distributed  on  the 
inside  of  the  cell  wall,  forms  one  plant.  Sexual  reproduction 
by  oospheres  and  spermatozoids ;  asexual  reproduction  by 
zoospores.  One  zoospore,  provided  with  many  dlia,  is  formed 
in  a  swelling  at  the  tip  of  the  thallus,  cut  oflf  from  the  rest  of 
the  cell  by  a  wall.  Hie  oogonia  and  antheridia,  either  sessile 
or  on  short  pedicles,  grow  in  various  numbers  on  the  same 
tube  and  usually  close  together. 

V.  sessilis  (Vauch.)  D.  C,  Figs.  200,  201.  Sexual  organs 
of  this  species  are  shown  in  Fig.  206. 

[V.  aversa    Hass. ;    V.  geminata    (Vauch.)  D.  C] 

ORDER  VIII.     CONJUGATiE.* 

The  Conjugate  are  green  or  brownish  Algae,  sometimes 
single-celled,  but  usually  composed  of  many  cells  closely  joined. 
They  are  named  from  the  peculiar  mode  of  propagation.  Two 
cells  unite  their  entire  contents  to  form  a  zygospore;  rarely 
two  zygospores  result  from  such  a  union.  Resting  spores  or 
cysts  are  produced  in  the  ZygnemaceiB  without  copulation. 
Non-motile  spores  are  sometimes  formed.  All  the  Conjugate 
are  vpry  slimy  to  the  touch. 

Key  to  Families. 

Unicellular;  cells  commonly  constructed  of  two 
symmetrical  halves;  of  very  many  forms,  though 
rarely  cylindrical;  single,  or,  very  rarely,  bound 
together  in  a  loose  thread ;  two  to  eight  germs  de- 
velop from  a  single  zygospore deshidiacea 

Thallus  a  thread  of  many  similar  cells;  each  zygo- 
spore produces  only  one  germ  plant zygnemacea 


*  Our  work  upon  the  remmining  orders  of  Chlorophyees  is  as  ytt  quite  in- 
conplete.  These  AlgK  tre  tbundAot  in  our  wttert.  In  the  filamentous  forms  It 
is  difficult  or  impossible  to  identify  the  species  from  the  vegetative  stages;  and, 
since  in  ordinary  waters  it  is  usual  to  find  these  stagea  only,  speeifie  determination 
is  frequently  impossible.  The  family  of  Dtsmidiacem  is  very  abundant;  and» 
while  our  list  contains  a  large  number  of  them,  doubtless  a  longer  study  will  show 
many  more  spades.    The  common  species  are,  however,  fairly  wdl  icpresenled. 
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FAMILY  I.      DESMIDIACE^. 

Cells  of  various  forms,  but  symmetrical,  single,  or,  in  a  few 
genera,  loosely  united  into  threads.  Often  a  constriction  in 
the  middle  of  the  cell  divides  it  into  halves,  called  semi-cells; 
the  cell  contents  nearly  always  divided.  The  cell  wall  is  often 
provided  with  granules,  spines,  or  other  protuberances,  which 
are  usually  arranged  in  a  definite  pattern.  These  projections 
serve  as  a  protection  from  aquatic  animals,  and  as  an 
anchor  in  times  of  flood.  Conjugation  of  two  cells  results  in 
zygospores.  Asexual  multiplication  by  transverse  division  or 
separation  of  semi-cells.  The  Desmidiacea  are  surrounded  by 
a  mucus  exuded  through  pores  in  the  cell  wall,  and  often  may 
be  found  embedded  in  a  mass  of  jelly. 

They  are  not  free-swimming,  but  are  able  under  certain 
conditions  of  light  and  gravitation  to  glide  along  a  hard  sur- 
face. 

Desmids  are  extremely  abundant  the  world  over ;  there  are 
several  thousand  known  species,  living  in  all  d^jees  of  tem- 
perature, and  found  most  abundantly  in  soft  water. 

The  following  key,  modified  from  West,  includes  all  the 
known  genera  of  Desmids,  four  of  which  (Ichthyocercus^ 
Triploceras,  Phymatodocis,  and  Streptonema)  are  exclusively 
tropical,  and  one  (Ancylonema)  is  exclusively  arctic.  We 
have  identified  certainly  as  yet  only  a  part  of  the  Connecticut 
species,  but  have  indicated  by  aft  asterisk  the  genera,  and  have 
figured  the  species  thus  far  observed. 

Key  to  Sub-families. 

Cell  wall  not  evidently  divided  into  two  parts,  and 
without  pores sacc(M>ermje 

Cell  wall  showing  two  segments,  and  with  a  diflfer- 
entiated  outer  porous  layer *. .  .placoderma 

SUB-FAMILY  I.      SACCODERM-K. 

Cell  wall  unsegmented  and  without  pores.  Point  of  division 
of  cells  indefinite,  and  unknown  previous  to  the  actual  division. 
The  young  half  of  the  cell  is  developed  obliquely,  and  its  walls 
are  absolutely  continuous  with  the  walls  of  the  older  half. 
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Key  to  Tribes  and  Genera, 

Tribe  I.  gonatozyge^.  Cells  elongate,  cylindrical,  and 
unconstricted,  forming  loose  filaments.  Cell  wall  with  a  diflfer- 
entiated  outer  layer,  of  which  the  small  roughnesses  and  spines 
form  a  part 

Chloroplasts  axile Gonatozygon 

Chloroplasts  parietal  and  spirally  twisted Genicularia 

Tribe  II.  spirotjenieje.  Cells  solitary,  relatively  short, 
and  mostly  unconstricted.  Cell  wall  a  simple  sac,  without  a  dif- 
ferentiated outer  layer.  The  cell  becomes  adult  by  periodical 
growth. 

1.  One  chloroplast  in  each  cell 2 

Two  chloroplasts  in  each  cell 4 

2.  Chloroplast  spirally  twisted,  axile  or  parietal.  Spirotcmia 
Chloroplast  plane,  axile 3 

3.  Cells  solitary MesottBtiium'^ 

Cells  forming  short  filaments Ancylonema 

4.  Chloroplasts  star-shaped,  radiating  from  a  central 

pyrenoid    CylmdrocysHs 

Chloroplasts  ridged  with  longitudinal  serrated  ridges 

Netrium* 

Description  of  Genera. 

Gonatozygon  D.  By. —  Cells  long  and  straight,  not  con- 
stricted, forming  filaments  which  break  up  at  maturity.  The 
cell  wall  is  smooth  or  covered  with  minute  granules.  The 
two  chloroplasts  are  axile,  thin  and  waving  or  twisted;  they 
contain  four  to  sixteen  equidistant  pyrenoids.  The  zygospores, 
which  quickly  separate  from  the  empty  cells,  are  smooth. 

Spirotaenia  Breb.—  Cells  straight,  fusiform,  ends  rounded, 
not  constricted  in  the  middle;  cells  single  or  several,  covered 
by  a  gelatinous  envelope.  Chloroplasts  spiral  bands  on  the 
inside  of  the  cell  wall. 

Mesotaenium  Nag. —  Cylindrical  cells,  straight  or  slightly 
curved,  without  median  constriction.  The  ends  are  broadly 
rounded.  The  chloroplast  is  a  flat  plate,  extending  from  one 
end  of  the  cell  to  the  other;  occasionally  there  are  two  chloro- 
plasts. 

M.  micrococcum     (Kiitz.)  Roy  and  Biss.,  Fig.  219. 
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Netrium  Nig. —  Cylindrical,  straight,  or  fusiform  cclb, 
without  oMistrictioiL  Chlon^lasts  two  (or  four)  in  each  cell, 
each  with  longitudinal  serrate  ridges. 

N.  interruptum     (Breb.)  L4itkem,  Fig.  281. 

N.  Digitus    (Ehrb.)  Itz.  and  Roth.,  Fig.  282. 

SUB-FAHILY  II.      PLACODERHiB. 

Cell  wall  mostly  constricted,  with  a  differentiated  outer 
layer.  Cell  division  follows  a  fixed  type,  with  interpolation  of 
the  younger  halves  between  the  old  ones.  The  younger  por- 
tions of  the  cell  wall  are  jdned  to  the  older  portions  by  an 
oblique  surface. 

Key  to  Genera. 

1.  After  division  the  cells  remain  free  and  solitary 2 

After  division  the  cells  remain  attached  to  form 

colonies    14 

2.  Cells  more  or  less  constricted  at  the  middle 5 

Cells  not  constricted * 3 

3.  Cells  of  moderate  length,  straight,  cylindrical. .  .Penium* 
Cells  elongate,  generally  curved  and  attenuated 4 

4.  Cells  almost  cylindrical,  scarcely  attenuated ;  chloro- 

plast  single,  without  apical  moving  granules. . .  .Roya^ 
Cells  strongly  attenuated  towards  each  extremity; 
two  chloroplasts  in  each  cell,  with  apical  moving 
granules    Closterium* 

5.  Cells  elongated  and  cylindrical,  constriction  slight. .      6 
Cells  relatively  short;   deeply  constricted 10 

6.  Apices  of  cells  truncate  or  rounded,  entire 7 

Apices  of  cells  cleft,  incision  open  or  narrow 8 

7.  Base  of  semi-cells  plicate Docidium^ 

Base  of  semi-cells  plane. PleurotcBnium* 

8.  Cell  wall  adorned  with  rings  of  furcate  processes. . 

Triploceras 
Cell  wall  plane 9 

9.  Apical    incision    widely    open,    each    apical    angle 

furnished  with  a  spine Ichthyocercus 

Apical  incision  narrow Tetmemorus 

10.    Cells  compressed  (at  right  angles  to  the  plane  of  the 
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front  view),  in  the  vertical  view  fusiform  or  el- 
liptical      II 

Cells  in  vertical  view  radiating,  triangular,  quadran- 
gular, or  radiate;   rarely  fusiform Staurctstrum* 

11.  Cells  mostly  oblong  or  elliptical;   moderately  lobed; 

margin3  wavy,  the  depressions  rounded Euastrum* 

Cells  very  much  compressed,  mostly  orbicular  or 

broadly  elliptical,  deeply  lobed  or  incised. ilfurra^ma^ 
Cells   with   a   more   or   less   entire   margin,   often 

furnished  with  warts  or  spines 12 

12.  Cell  wall  with  regularly  arranged  spines  of  consider- 

able length 13 

Cells  without  spines Cosmarium* 

13.  Spines  several,  conunonly  in  pairs;  a  central  pro- 

tuberance always  present Xanihidium^ 

Spines  4  or  8,  occasionally  16,  no  central  protuberance 

Arthrodesmus* 

14.  Colonies  spheroidal;  cells  not  in  contact,  but  joined 

by  gelatinous  bands 15 

Colonies  thread-like ;  cells  attached  by  their  apices  to 
form  long  filaments 16 

15.  Gelatinous  bands  narrow ;  few  cells  forming  a  micro- 

scopic colony Cosmocladium 

Gelatinous  bands  very  broad,  many  cells  forming  a 
macroscopic  colony. Oocardium 

16.  The  line  of  division  of  the  cell,  where  the  new  and 

old  parts  of  the  cell  wall  are  obliquely  fitted  to- 
gether, develops  a  girdle  during  division 21 

The  line  of  division  does  not  develop  a  girdle  during 
division 17 

17.  Cells  attached  by  special  apical  processes 18 

Apices  of  cells  plane  and  flat 19 

18.  Apical  processes  very  short Sphterososma^ 

Apical  processes  long  and  overlapping  the  apices  of 

the  adjoining  cells Onychonema* 

19.  Cells  deeply  constricted 20 

Cells  slightly  constricted Hyahtheca^ 

20.  Cells  in  vertical  view  elliptical Spondylosium* 

Cells  in  vertical  view  quadrangular  with  produced 

angles  Phymatodocis 
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21.  Cells  joined  by  special  apical  processes Streptonema 

Cells  joined  by  their  flat  apices  or  by  flattened  apical 

projections 22 

22.  Cells  short,  in  vertical  view  fusiform,  triangular,  or 

quadrangular     (rarely    circular    with    produced 

angles)    Desmidium* 

Cells  elongate,  cylindrical Gymnosyga 

Description  of  Genera. 

Penium  Breb. —  Cells  straight,  cylindrical  or  fusiform, 
without  median  constriction,  ends  rounded;  free  or  collected 
in  a  gelatinous  membrane.  Cell  wall  smooth,  or  minutely 
granular,  colorless  or  sometimes  red,  often  finely  striate. 
Chloroplast  axile ;  when  seen  in  cross  section  star-shaped,  with 
arms  often  forking.  Multiplication  by  division,  and  by  zygo- 
spores formed  by  conjugation. 

P.  closterioides    Ralfs,  Fig.  172. 

P.  polymorphum    Perty,  Fig.  173. 

P.  margaritaceum    (Ehrb.)  Breb.,  Fig.  175. 

P.  Navicula    Breb.,  Fig.  218. 

Rojra  West. —  Cells  curved  but  not  attenuated.  Cell  wall 
without  pores,  chloroplast  single,  without  dancing  granules. 

R.  obtusa    (Breb.)  West,  Fig.  145. 

Closterium  Nitzsch. —  Cells  simple,  elongated,  crescent- 
shaped  or  Innately  curved,  entire.  The  centres  are  not  con- 
stricted, but  often  bear  a  few  transverse  striae.  The  cell  walls 
arc  smooth  or  finely  striate,  colorless  or  brown ;  at  each  end  of 
the  cell  is  a  vesicle,  colorless  or  straw-colored,  containing 
numerous  granules.  The  chloroplasts  arc  arranged  in  longi- 
tudinal rows  broken  in  the  middle  by  a  transverse,  colorless 
band. 

C.  acuminatum    Kutz.,  Fig.  147. 

C.  lanceolatum    Ktitz.,  Fig.  148. 

C.  Cucumis   Ehrb.  (?),  Fig.  149. 

C.  acerosum     (Schrank)  Ehrb.  (?),  Figs.  150,  151. 

C.  Lunula   Ehrb.,  Fig.  152. 

C.  turgidum    Ehrb.,  Fig..  153. 

C.  strigosum    Ehrb.,  Fig.  154. 

C.  costatum    Corda,  Fig.  155. 

C.  Delpontei    Klebs,  Fig.  156. 
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C.  prelongum    (Breb.)  Delp.,  Fig.  157. 

C.  lineatum    Ehrb.,  Figs,  i^ya,  158. 

C  decorum    Breb.,  Fig.  159. 

C.  areolatum    Wood,  Fig.  161. 

C.  DiatuE    Ehrb.,  Fig,  162. 

C  Jenneri    Ralfs,  Fig.  160. 

C.  parvtdum    Nag.,  Figs.  163,  164. 

C  monUiferum    (Bory)  Ehrb.,  Fig.  165. 

C.  Leibleinii    Kutz.,  Fig.  166. 

C.  Leibleinii  yzx.  curtum    West,  Fig.  167. 

C.  rostratum    Ehrb.,  Fig.  168. 

C.  rostratum  var.  brevirostratum    West,  Fig.  169. 
C  subcostatum    Nord.,  Fig.  170. 

C  Bribissonii    Delp.,  Fig.  171. 

Docidium  Breb. —  Cells  straight,  cylindrical  or  fusiform; 
ends  rounded,  truncate  or  smooth,  constricted  in  the  middle; 
each  semi-cell  furnished  with  a  basal  inflation.  The  base  is 
plicate  with  a  granule  under  each  plication.  Chlorophyll  axile 
and  an  axile  row  of  pyrenoids.  The  ends  have  a  vacuole  con- 
taining dancing  granules. 

D.  Baculum    (Breb.),  Figs.  103,  223. 

D.  verticillatum     (Bailey)  Ralfs,  found  but  not  figured. 

Pleurotaenium  Nag. —  In  shape  much  like  Docidium, 
without  plications  at  the  base  of  the  semi-cells.  The  ends  are 
truncate  and  usually  furnished  with  a  ring  of  tooth-like  pro- 
jections. The  parietal  chloroplasts  are  longitudinal  and  are 
provided  with  several  pyrenoids.  The  centre  of  the  cells  usually 
contains  large  vacuoles,  and  in  the  apical  ones  moving  granules 
are  often  seen. 

P,  crenulatum    (Ehrb.)  Rab.,  Fig.  224. 

P.  Archerii    Delp.,  Fig.  225. 

P.  Trabecula    (Ehrb.)  Nag.,  Fig.  226. 

P.  nodosum     (Bail.)  Lund.,  Fig.  283. 

P.sp.  (?),Fig.  loi. 

Tetmemorus  Ralfs. —  Cells  like  P^enium,  except  that  the 
ends  are  slightly  cut  and  the  middle  is  constricted.  One 
central  chloroplast  with  a  single  row  of  pyrenoids  is  present. 
Cell  wall  mostly  punctate  or  granulose. 
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Staurastnim  Meyen.-7-The  second  largest  genus  of 
Desmids.'  Cells  in  front  view  oblong,  cylindrical,  elliptical,  or 
orbicular,  with  margins  notched  or  smooth,  always  constricted 
in  the  middle,  ends  rounded,  entire.  End  view  with  three  to 
six  obtuse,  acute,  or  horn-like  angles.  Chlorophyll  more  or  less 
central,  zygospores  commonly  furnished  with  spines  (see 
Fig.  261). 

S.  orbiculare     (Ehrb.)  Ralfs,  Figs.  123,  124. 

S.  dejectum    (Breb.)  van  convergens    Wolle,  Fig.  122. 

S.  dejectum  var.  mucronatum    Ralfs,  Fig.  125. 

5*.  megacanthum    Lund.,  Figs.  126,  127. 

S.  hirsutum    (Ehrb.)  Breb.,  Figs.  133,  263,  263a. 

S.  brevispinum    Breb.,  Fig.  128. 

S.  leptocladum    Nord.,  Figs.  264,  264a. 

5".  erasum    Breb.,  Figs.  130,  131. 

5".-  arcHscon    Ehrb.,  Figs.  268,  2680, 

S.  odonatum   Wolle,  Fig.  132. 

S.  coronulatum    Wolle,  Figs.  267,  267a. 

5*.  Rceuenelii   Wood,  Figs.  134,  135. 

5*.  dejectum    Breb.,  Figs.  233,  236. 

5*.  furcigerum    Breb.,  Fig.  136. 

S*.  crenulaium    (Delp.)  Nag.,  Fig.  231. 

5".  margaritaceum    Ehrb.,  Fig.  235. 

S.  iotanum    Wolle,  Fig.  143. 

5*.  eusiephanum    Ralfs,  Fig.  144. 

S.  pygmcBum    Breb.,  Fig.  '261.    Conjugating. 

S.  muricatum    Breb.,  Fig.  129. 

Four  species,  names  unknown,  Figs.  137-142. 

5*.  gracile    Ralfs,  found  but  not  figured. 

Euastrum  Ehrb. —  Cells  elliptical  or  oblong,  deeply  con- 
stricted; semi-cells  usually  cut  at  the  ends  and  wavy  or  lobed 
at  the  sides,  the  number  of  lobes  being  uneven;  usually 
furnished  with  circular  inflated  protuberances. 

E.  integrum    Wolle,  Fig.  105. 

E.  verrucosum    (Ehrb.)  Ralfs,  Fig.  104. 

E.  oblongatum    (Grev.)  Ralfs,  Fig.  229. 

E.  ampullaceum    Ralfs,  Fig.  23a 

£.  elegans    Kiitz.,  Fig.  232. 

E.  Nordstedtianum    Wolle,  Fig.  234. 
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E.  sp.  (?),  Fig.  227. 

£.  ansatum     (Ehrb.)  Ralfs,  found  but  not  figured. 

Micrasterias  Ag.  (Holocystis  Hass.;  Tetrachastrum 
Dixon). —  Cells  simple,  flattened,  in  the  form  of  a  double-con- 
vex lens,  deeply  constricted  in  the  middle.  Front  view 
orbicular  or  broadly  elliptical;  end  view  spindle-shaped,  with 
acute  ends.  Each  semi-cell  three-  to  five-lobed;  lateral  lobes 
entire,  or  irregularly  cut  into  large,  deep  lobes ;  the  end  lobes 
entire,  or  more  slightly  cut,  sometimes  with  angles  pro- 
nounced, and  two-cleft  Zygospores  seldom  found,  large, 
globular,  with  stout  spines  which  are  at  first  simple  and  later 
branched. 

Af.  radiosa    (Ag.)  Ralfs  var.  punctata    West,  Fig.  io6. 

M.  apiculata   Menegh.,  Fig.  io8. 

Af.  rotata    (Grev.)  Ralfs,  Fig.  238. 

M.  furcata     (Ag.)  Ralfs,  Fig.  239. 

M.  Americana    (Ehrb.)  Kiitz.,  Fig.  240. 

M.  muricata    Bailey,  Fig.  241. 

Af.  truncaia    (Corda)  Ralfs,  Fig.  242. 

Af.  CruX'Melitensis    (Ehrb.)  Hass.,  Fig.  107. 

Arthrodesmus  Ehrb. —  Cells  simple,  deeply  constricted  in 
the  middle;  each  half-cell  is  wider  than  long,  and  furnished 
with  several  spines.  This  genus  is  distinct  from  Xanthidium 
by  the  absence  of  the  protruding  area  in  the  centre  of  the  semi- 
cells.  There  are  usually  fewer  spines,  and  the  zygospores  are 
either  smooth  or  spinous. 

A.  octocomis   Ehrb.,  Fig.  260. 

A.  convergens    (Ehrb.)  Ralfs,  Fig.  259. 

Cosmarium  Corda  (Dysphinctium  Nag.;  Calocylin- 
dru8  (Nag.)  Kirch.;  Cosmaridium  Gay;  Pleurotaeniopsis 
(Lund.)  Lagerh.). —  The  largest  genus  of  Desmids.  The 
single  cells  circular,  elliptical,  or  oblong,  usually  one  and  one- 
half  diameters  in  length,  always  more  or  less  constricted  in 
the  middle.  Ends  usually  entire,  rounded  or  truncate.  The 
margins  are  smooth,  dentate,  or  crenate,  the  cell  wall  smooth, 
punctate,  warty,  or  even  covered  with  spines.  End  view 
oblong  or  oval,  with  sometimes  a  swelling  in  the  middle  of 
the  longer  sides.  Zygospdres  usually  spherical,  sometimes 
cubical  or  angular,  smooth  or  furnished  with  spines. 
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C  BotryHs    Menegh.,  Figs.  115,  116. 

C.  Broomei   Thwaites,  Figs.  99,  258. 

C.  suborbiculare    Wood,  Fig.  113. 

C.  granatum    Breb.,  Fig.  109. 

C  crenatum    Ralfs,  Fig.  no. 

C  contractum    Kirch.,  Fig.  117. 

C.  tumidum    Lund.,  Figs.  100,  loock 

C.  omatum    Ralfs,  Fig.  102. 

C,  ovale    Ralfs,  Fig.  245. 

C.  undulatum    Corda,  Fig.  244. 

C.  pyramidatum    Breb.,  Fig.  246. 

C.  Meneghinii    Breb.,  Fig.  247. 

C.  Bcthodes    Nord.,  Fig.  248. 

C  perforatum    Lund.,  Fig.  249. 

C.  Ndgelianum    Breb.,  Fig.  250. 

C.  intermedium    Delp.,  Fig.  251. 

C.  Portianum    Arch.,  Fig.  252, 

C.  orbiculatum    Ralfs,  Fig.  253. 

C.  tetrophthalmum    (Kutz.)  Breb.,  Fig.  254. 

C.  galeritum    Nord.,  Fig.  255. 

C.  Cucurbita    Breb.,  Fig.  256. 

C.  pseudobroomei    Wolle,  Fig.  257. 

Xanthidium  Ehrb.— Cells  single,  or  two  joined  end  to 
end;  deeply  constricted;  semi-cells  wider  than  long,  entire, 
furnished  with  spines,  and  with  a  round,  truncate,  or  toothed 
arm  projecting  from  the  centre.  The  spines  are  either  simple 
or  with  two  or  three  forks  at  the  end.  In  the  centre  of  each 
semi-cell  is  a  roughened  protruding  area  of  variable  size. 
Zygospores  spherical  and  spinous. 

X.  fasciculatum  (Ehrb.)  Ralfs  van  subalpinum  Wolle, 
Figs.  121,  266. 

X.  antilopceum    (Breb.)  Kiitz.,  Fig.  262. 

X.  cristatum     (Breb.)  Ralfs,  Fig.  265, 

X.  aseptum    Nord.,  found  but  not  figured. 

Sphaerozosma  Corda. —  Filaments  of  cells  closely  united 
by  a  narrow  isthmus  or  by  a  granular  process.  Cells  deeply 
constricted,  thus  forming  bilobed  cells. 

5*.  filiforme    Rab.,  Figs.  118,  119. 
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S.  spinosum    Delp.,  Figs.  120,  277. 
5*.  pulcrum    Bailey,  Fig.  271. 

Onchonema  WaH. —  Like  Sphcerozosma  except  that  the 
granular  processes  are  long. 

O.  serratum     (Bailey)  Wall.,  Fig.  272. 

Hyalotheca  Ehrb. —  Cells  short,  cylindrical,  usually 
blunted,  constricted  in  the  centre ;  joined  in  long  filaments  en- 
closed in  an  ample  mucilaginous  sheath.  The  end  view  of  the 
cell  is  round  and  shows  the  chloroplast  to  be  eight-  to  ten-rayed. 

H,  dissiliens    (Sm.)  Breb.,  Fi^.  273. 

Spondylosium  Breb.  ( Leuronema  Wallich) . —  Like 
Sphcerozosma  except  that  instead  of  being  united  by  lateral 
processes,  the  cells  are  joined  in  filaments  merely  by  the  close 
apposition  of  the  cells. 

S,  papillatum    West,  found  but  not  figured. 

Desmidium  Ag.  (Did3mioprium  Ktitz. ;  Aptogonum 
Ralfs). —  Cells  incised  or  entire,  with  two  chloroplasts  barely 
touching  in  the  middle;  triangular  or  quadrangular  in  end 
view;  united  into  fragile,  elongated  filaments,  regularly 
twisted,  and  enclosed  in  a  mucous  envelope. 

D.  cylindricum    Grev.,  Fig.  276. 

D.  Swartzu    Ag.,  Fig.  275. 

Gymnozyga  Ehrb.  (Bambusina  Kutz.). — <  Cells  barrel- 
shaped  with  one  or  more  narrow  bands  around  the  middle; 
closely  united  into  articulate  filaments.  Chlorophyll  bodies  as 
in  Hyalotheca.    Zygospores  smooth,  ellipsoidal. 

FAMILY  II.      ZYGNEMACEiE. 

Unbranched  filaments  composed  of  single  cells  or  of  a 
simple  series  of  cells.  Chloroplasts  in  the  shape  of  spiral 
bands,  axile  plates,  or  twin  stellate  bodies. 

Key  to  Sub-families. 

Conjugation  producing  a  zygospore  which,  after  a 
period  of  rest,  develops  directly  into  a  new  gameto- 

phyte     ZYGNEME/E 

5 
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Conjugation  producing  a  zygospore  which  immedi- 
ately develops  a  sporocarp  of  several  cells,  one  of 
which  is  the  spore.  The  gametophyte  is  developed 
from  this  spore  after  a  period  of  rest. . .  .MESOCARPEiE 

SUB-FAMILY    I.      ZYGNEMEiB. 

Filaments  unbranched.  A  lining  of  protoplasm  is  in  each 
cell,  and  the  nucleus  is  held  in  the  centre  by  quite  prominent 
bands  of  protoplasm.  The  chloroplasts  containing  numerous 
prominent  pyrenoids  are  twin  stellate  bodies  in  Zygnema  and 
spiral  bands  in  Spirogyra. 

Vegetative  multiplication  by  breaking  of  filaments  into 
separate  cells  or  groups  of  cells.  Asexual  reproduction 
by  spores.  Sexual  reproduction  by  conjugation  between 
cells  of  different  filaments  which  lie  close  together.  Each 
cell  puts  out  a  tube  on  the  side  nearest  the  other  fila- 
ment, and  these  meet  with  similar  tubes  from  the  cells 
of  the  other  filament.  The  ends  of  the  tubes  join,  and  an 
open  "conjugating  tube"  is  formed.  The  contents  of  the 
cells  separate  from  the  cell  walls,  and  the  mass  from  one  celj, 
flows  into  the  other,  there  to  unite  with  the  mass  in  that  cell 
and  form  a  zygospore.  The  zygospores  are  usually  all  found 
in  one  of  the  two  filaments.  Occasionally  lateral  conjugation 
between  two  cells  of  the  same  filament  is  observed. 

Key  to  Genera. 

Cells  containing  two  star-shaped  chlorophyll  bodies 

near  the  nucleus Zygnema* 

Cells  with  spirally  twisted  bands  of  chlorophyll... 

Spirogyra* 
Cells  with  nearly  straight  bands  of  chlorophyW. Choaspis** 

Description  of  Genera, 

Zygnema  Ag.  (Zygogonium  Kutz.). —  Cells  with  two 
star-shaped  chlorophyll  bodies  near  the  nucleus,  each  chloro- 
plast  bearing  a  starch  grain. 

Z,  leiospermum    D.  By.,  Fig.  176. 

Z.  stellium    Ag.,  Figs.  177,  178. 

Z.  stellium    van  genuinum    Kirch.,  Fig.  179. 
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Z.  pectinatum     (Vauch.)  Ag.,  Fig.  279.    In  conjugation. 

Z.  cruciatum     (Vauch.)  Ag.,  Fig.  180. 

Spirogyra  Link. —  Cells  with  from  one  to  many  bands  of 
chlorophyll  in  the  cell  wall,  winding  to  the  right.  The  zygo- 
spores are  always  inside  the  walls  of  one  of  the  conjugating 
cells. 

The  length  and  width  of  the  cells,  the  form  of  the 
dividing  wall  (which  may  be  plane  or  replicate,  1.  e,,  with  an 
annular  ingrowth  of  cellulose),  the  number  of  spirals,  and  the 
number  of  turns  each  spiral  makes  in  a  cell,  are  all  points  for 
consideration;  but  the  zygospores  form  the  only  decisive 
factor  in  the  determination  of  species.  In  the  determination 
of  the  species  given  below,  we  have  chiefly  relied  on  the 
vegetative  thread. 

Found  in  low-lying  ponds  and  ditches. 

5*.  7/arians    (Hass.)  Kiitz.,  Figs.  181,  182. 

5*.  IVeberi    Kiitz.,  Figs.  183,  184. 

5*.  maxima    (Hass.)  Witt.,  Fig.  185. 

5*.  jugalis    (Dillw.)  Kutz.,  Figs.  186,  187. 

5*.  inflata    (Vauch.)  Rab.,  Fig.  269. 

5*.  calospora    Qeve,  Fig.  195. 

5*.  dubia    Kutz.,  Fig.  188. 

S.  quinina    (Ag.)  Kiitz.,  Figs.  189,  190. 

5".  Grevilleana     (Hass.)  Kiitz.,  Fig.  191. 

S.  majuscula    Kiitz.,  Fig.  192. 

5*.  adnata    Kiitz.,  Fig.  193. 

5".  Spreeiana    Rab.,  Fig.  194. 

5".  decimina    (Miill.)  Kiitz.,  Fig.  196. 

5*.  communis    (Hass.)  Kiitz.,  Fig.  197. 

5*.  Huviatilis    Hilse,  Figs.  198,  199. 

5*.  mirabilis    Hass.,  Fig.  202. 

S.  bellis     (Hass.)  Qeve,  Figs.  203,  204,  270. 

S,  Havescens     (Hass.)  Cleve,  Fig.  205. 

5*.  crassa    Kutz.,  Fig.  60. 
[S,  nitida     (Dillw.)  Link.] 

Choaspis  S.  F.  Gray  (Sirogonium  Kiitz.). —  Fila- 
mentous. The  only  genus  of  Conjugatae  without  a  mucous 
coat.  Sterile  cells  much  like  Spirogyra;  conjugating  cells 
arise  by  unequal  division  of  the  cells  of  thei,  filaments,  and. 
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bending  knee-like  towards  each  other,  grow  together;  zygo- 
spores elliptical. 

SUB-FAMILY   II.      MESOCARPEiE. 

The  plants  of  this  sub-family  are  often  narrower  than  those 
of  Zygnemeae,  with  thin  cell  walls.  The  chloroplast  is  a  thin 
axile  ^late,  and  all  those  of  a  filament  usually  lie  in  one 
plane.  The  chloroplasts  change  their  position  according  to 
the  degree  of  light,  turning  the  edge  to  bright  light  and  the 
face  to  dim  light.    Reproduction  as  in  Zygnemeae. 

Key  to  Genera. 

Plants  reproducing  by  conjugation Mougeotia* 

Reproduction  by  non-sexual  methods  only,  .Gonatonetna 

Description  of  Genera. 

Mougeotia  A.  Br.  (Staurospcrmum  Kiitz.;  Mesocarpus 
Hass. ;  Craterospermum  Braun;  Plagiospermum  Qeve). — 
Cells  long,  cylindrical,  with  axile  chloroplasts.  Conjugation 
scalariform;  zygospores  spherical  or  quadrate  and  more  or 
less  flattened  with  rounded  angles. 

M.  sp.  (  ?),  Fig.  85.  The  method  of  conjugating  is  shown 
in  Fig.  280. 

[M.  robusta  (De  Bary)  Wittr.;  M.  genuflexa  (Dillw.) 
Ag.] 

Gonatonema  Wittr. —  Cells  similar  to  Mougeotia,  but  re- 
production onlx  by  means  of  non-sexual  spores.  Spores  pro- 
duced without  conjugation,  formed  by  division  of  the  mother- 
cells,  which  are  afterwards  often  burst  and  bent  angularly 
and  alternately  at  the  point  of  fructification. 

CLASS  V.    CHARACEiE. 

Algae  with  a  peculiar  odor;  often  encrusted  with  lime. 
Thallus  a  stem  with  nodes  and  intemodes.  The  plants  grow 
from  a  few  inches  to  over  a  foot  in  height  by  means  of  an 
apical  cell.  Whorls  of  leaves,  on  which  may  be  borne  antheridia 
and  oogonia,  grow  at  the  nodes. 

Zoospores  are  wanting.  The  organs  of  reproduction  are 
conspicuous  in  color  and  form.    The  antheridia  are  spherical, 
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red  when  mature,  the  wall  consisting  of  eight  shields  or  plates. 
The  spermatozoids  are  spirally  coiled.  The  oogonium  is  situ- 
ated on  a  nodal  cell  from  which  five  other  cells  grow  and  coil 
around  the  oogonium,  covering  it  closely.  They  divide  once 
or  twice  at  the  top,  so  that  a  crown  of  five  or  ten  small  cells 
is  formed.  , 

Description  of  Genera. 

Chara  Vail!.— The  crown  consists  of  five  cells.  The 
stems  are  covered  with  a  cortex. 

C.  sp.     (?),  Figs.  207-209. 

Nitella  Ag. —  The  crown  consists  of  ten  cells;  cortex 
lacking. 

CLASS  VL     PH^OPHYCEiE  (FUCOIDE^E). 

The  Algae  of  this  class  are  almost  exclusively  salt-water 
forms,  known  as  the  Brown  Seaweeds,  and  include  the  most 
highly  developed  of  the  Seaweeds.  The  vegetative  cells  are 
uninucleate,  and  the  chromatophores  are  distinctly  brown. 

Asexual  reproduction  by  means  of  motile  cells  or  zoogonidia. 
Sexual  reproduction  by  isogamous  or  heterogamous  gametes. 
Copulation  always  takes  place  outside  the  plant,  and  the  re- 
sulting spore  germinates  directly.  The  motile  cells  always 
possess  two  laterally  placed  cilia,  one  directly  forward  and  the 
other  backward. 

While  the  class  is  made  up  mostly  of  marine  plants,  there  is 
one  order  that  is  found  in  fresh  water. 

ORDER  I.    SYNGENETICiE. 

Exclusively  fresh-water  forms.  Plants  unicellular,  solitary 
or  colonial,  or  multicellular ;  f ree-swiming  or  motionless.  The 
cells  are  either  naked  or  surrounded  by  a  mucilaginous  en- 
velope. The  cells  are  uninucleate,  possess  one  or  more  pul- 
sating vacuoles,  one  or  two  yellow  or  pale  brown  chromato- 
phores, and  occasionally  pyrenoids. 

The  order  as  thus  defined  includes  about  seven  families. 
But  at  least  four  of  the  seven  are  frequently  classed  with  the 
Flagellate  Protozoa,  and  are  described  in  the  report  upon  the 
Protozoa  of  our  waters.    These  include  the  following  genera : 
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Cryptomonas,  Synura,  Uroglena,  Dinobryon.    (See  Bull.  No.  2 
of  this  Survey.) 

The  only  other  family  known  to  us  to  occur  in  our  fresh 
water  is  the  following :  — 


^#  FAMILY   I.      ^YDRURACEwE. 

The  plant  consists  of  an  attached  colony,  from  two  to  twelve 
inches  long.  The  cells  have  each  one  chromatophore,  lack  a 
cell  wall,  and  are  embedded  in  a  large  mass  of  jelly.  Cells 
brown  at  one  end,  colorless  at  the  other ;  arranged  in  irregular, 
longitudinal  families ;  at  first  globose,  then  elliptical.  Division 
at  first  in  one,  later  in  two  directions. 

Asexual  reproduction  by  uniciliated  tetrahedral  zoogonidia. 
Two  or  four  of  them  are  produced  from  each  cell  of  the 
branches,  and  germinate  at  once.  Resting  spores  have  been 
observed. 

Hydrurus    Ag. —  Coextensive  with  the  family. 

CLASS  VII.    RHODOPHYCEiE  (FLORIDE^E). 

Plants  generally  rosy  red  or  purple,  dark  reddish-brown,  or 
blackish.  Most  closely  related  to  salt-water  Algae.  Crust- 
aceous,  filamentous,  variously  branched. 

Asexual  propagation  by  means  of  motionless  spores.  In  the 
sexual  reproduction,  which  is  wanting  in  some  of  the  genera, 
the  female  cell,  called  the  carpogonium,  is  fertilized  by  a  mass 
of  protoplasm,  called  spermatiutn,  derived  from  a  male  cell. 
The  result  of  fertilization  is  called  a  cystocarp,  and  the  method 
of  its  formation  determines  the  different  groups  of  Rhodo- 
phyceae. 

Sometimes  the  cystocarp  is  developed  directly,  and  some- 
times the  fertilized  carpogonium  puts  out  growths,  known  as 
ooblast  etna- filaments,  which  conjugate  with  auxiliary  cells,  thie 
result  being  the  cystocarp.  The  carpospores  are  always  de- 
veloped on  a  tuft  of  filaments  which  spring  from  the  fertilized 
cells  and  are  called  gonimoblasts. 

Of  the  four  orders  of  this  class,  two  are  found  in  fresh 
water.    They  are  distinguished  as  follows : 
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Key  to  Orders. 

Carpogonium  developing  directly NEMALIONALES 

Carpogonium  developing  a  filament  of  which  two 
cells  conjugate  with  each  other CRYPTONEMIALES 

ORDER  I.    CRYPTONEMIALES. 

A  long  branched  filament  is  sent  out  from  the  fertilized 
carpogonium.  Each  terminal  cell  of  the  filament  unites  with 
an  auxiliary  cell,  and  from  the  latter  the  gonimoblasts  arise. 

FAMILY  I.      SQUAMARIACEA. 

A  small  group,  mostly  marine,  but  with  a  few  fresh-water 
species.  The  thallus  consists  of  dense,  upright  cell-filaments, 
which  form  minute,  flat,  gelatinous  or  membranous  expanses. 
Cavities  in  the  upper  surface  of  the  thallus  hold  the  sexual 
organs,  and,  after  the  fertilization  of  the  carpogonia,  arc 
filled  with  cystocarps. 

Hildenbrandtia  Nardo. —  Thallus  crustaceous,  firmly  ad- 
hering, formed  of  subcubical,  blood-red,  dark  red,  rose,  or 
brown  cells,  placed  in  close  vertical  series.  Sexual  organs  in 
cavities  in  the  upper  surface. 

ORDER  II.     NEMALIONALES. 

The  gonimoblasts  are  developed  in  tufts,  directly  from  the 
fertilized  carpogonium. 

Key  to  Families. 
Thallus  with  a  basal  attached  portion,  from  which 
arise  tufts  of  simple  or  branched  filaments 

LEMANEACEuB 

Thallus  filamentous,  simple  or  branched,  with  sec- 
ondary axes  often  in  whorls. . , helminthocladiace^ 

FAMILY  1.      LEMANEACEiE. 

Exclusively  fresh-water  Algae,  gfrowing  in  very  rapid 
water.  The  thallus  consists  of  a  basal  attached  portion  from 
which  arise  dense  tufts  of  erect  branched  filaments.  From 
these  grow  the  fructiferous  branches  which  are  the  most  con- 
spicuous part  of  the  plant.    After  the  growth  of  this  part,  the 
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vegetative  portion  of  the  thallus  generally  dies  away,  and 
these  branches  become  fixed  by  rhizoids  of  their  own.  The 
fructiferous  branches  are  long,  filamentous,  cartilaginous,  and 
swing  freely  in  the  water;  they  are  olive-green  or  greenish 
black.  Each  thread  is  built  up  of  an  axile  row  of  tubular 
cells  surrounded  by  rows  of  smaller  cells;  at  short,  more  or 
less  regular,  distances  along  the  entire  length  'are  distinct 
swellings  or  nodes. 

Only  sexual  multiplication  is  known.  The  antheridia  are 
short  and  cylindrical,  growing  on  whorled  eminences  or  on  the 
widest  part  of  the  nodes.  The  carpogonium  possesses  a  long, 
simple  or  branched  process  for  the  reception  of  the  male 
gamete,  called  a  trichogyne.  After  fertilization  the  car- 
pogonium puts  out  an  ooblastema-filament,  at  the  extremity 
of  which  a  bunch  of  jointed  moniliform  filaments  arises,  each 
*of  the  swollen  cells  of  which  becomes  at  maturity  a  carpo- 
spore.  The  carpospores  are  produced  on  the  inside  of  the 
thallus,  filling  up  the  space  between  the  axile  cells  and  the 
cortical  cells.  The  carpospores  in  turn  produce  the  v^etative 
thallus. 

Lemanea  Bory. —  Large,  simple  or  somewhat  branched, 
bristle-like  threads  of  dark  or  brownish  color;  hollow  except 
for  the  axile  series  of  cells  which  is  held  in  place  by  transverse 
threads  at  regular  intervals. 

[L.  fucina  var.  rigida    (Sirdt.)  Atk.] 

Tuome3ra  Harvey. —  Thallus  much  branched,  upright, 
five  cm.  high,  rdsette-like. 

[T.  nuviatilis    Harvey.] 

FAMILY  II.      HELMINTHOCLADIACEiE. 

The  plants  consist  of  a  filamentous  thallus,  simple  or 
branched,  with  the  secondary  axes  often  arranged  in  whorls. 
The  main  filament  may  consist  of  a  single  row  of  cells  or  of  an 
axile  row  surrounded  by  cortical  rows  of  smaller  cells. 

The  terminal  cells  of  the  gonimoblasts,  which  are  short 
tufts  of  filaments,  generally  form  the  carpospores.  When  the 
carpospore  has  become  detached,  the  supporting  cell  grows 
through  the  old  cell  wall  and  produces  a  new  spore-forming 
cell.    The  cystocarp  has  no  definite  wall. 
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Key  to  Genera, 

1.  With  clustered  tufts  of  branches Batrachospermum* 

Without  clustered  tufts 2 

2.  Thallus  three  to  seyen  mm.  in  length Chantransia 

Thallus  thirty  to  sixty  cm.  in  length Thorea 

Description  of  Gener<K 

Batrachospermum  Roth. —  A  wholly  fresh-water  genus. 
The  plants  are  dioecious,  of  a  violet  or  bluish  green  color.  Thal- 
lus is  from  sixteen  to  twenty  cm.  in  length,  moniliform,  gela- 
tinous, slippery,  consisting  of  an  axile  series  of  cells  growing  by 
means  of  a  hemispherical  apical  cell,  and  an  accessory  parallel 
series,  covered  with  clustered  tufts  of  branches  which  are  more 
or  less  scattered.  The  carpogonium  grows  in  a  cell  at  the 
extremity  of  a  short  branch  which  stands  out  directly  from  the 
main  branch;  it  possesses  a  short,  straight  trichogyne,  and 
after  fertilization  develops  a  dense  mass  of  exposed  carpo- 
spores. 

B.  vagum     (Roth)  Ag,,  Fig.  278. 

[B.  anatinum  Sirdt.;  B.  Boryanum  Sirdt.;  B.  Corbtda 
Sirdt. ;  B.  ectocarpum  Sirdt. ;  B.  monUiforme  var.  typicum, 
and  var.  chlorosum  Sirdt. ;  B.  pyramidale  Sirdt ;  B.  virgo- 
turn    Sirdt] 

Chantransia  Fries. —  Dioecious,  red,  steel-blue,  or  purp- 
lish violet,  growing  in  fresh  and  salt  water.  Filaments  articu- 
late, branched;  branches  simple  or  compound;  mucilage 
lacking. 

The  carpogonium  develops,  after  fertilization,  numerous 
gonimoblasts  in  small  clusters,  upwards  and  on  one  side. 
Asexual  multiplication  by  tetraspores  developed  on  ends  of 
cells. 

Thorea  Bory. —  This  genus  possesses  but  one  species,  T. 
ramosissima  Bory.  The  thallus  is  round,  filamentous,  much 
branched,  the  thickness  of  a  horse  hair,  of  a  purple-brown  or 
dark  brown  color,  very  mucous,  and  reaching  the  length  of 
thirty  to  sixty  cm.  The  branches  are  short  and  compact, 
slightly  attenuated,-  and  the  cells  are  from  two  to  five  times 
longer  than  their  diameter.  The  cells  possess  starch-like 
granules,  and  the  spores  are  naked  and  non-motile. 
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Amphithrix,  15. 
Ancylonema,  57. 
Ankistrodcsmus,  34,  35. 
Aphanocapsa,  12,  13. 
Aphanochaete,  50. 
Aphanothece»  13. 
Apiocystis,  30. 
Aplanospores,  .39. 
Aptogonum,  65. 
Arthrodesmu's»  59,  63. 
Arthrosiphon,  22. 
Arthrospira»  i8»  20. 
Autocolonies,  31. 
Autospores»  31. 

Bacillariae,  9,  24. 
Bambusina,  65. 
Batrachospermum,  73, 
Botrydiaceae»  24. 
Botrydina,  29. 
Botrydium,  25. 
Botryococcus,  32. 
Bulbochaete,  51,  52. 

Calocylindrus,  63. 
Calothrix,  15,  16. 
Campt9trichaceae,  16. 
Chaetomorpha,  54. 
Chaetophora,  46. 
Chaetophoraceae,  44,  45. 
Chaetophorales,  27,  44. 
Chaetosphaeridiaceae,  44,  45. 
Chaetosphaeridium,  50. 
Chatnaesiphoniaceae,  14. 
Chantransia,  73. 
Chara,  9,  69. 
Characeae,  9,  68. 
Characiaceae,  28,  39/ 
Characium,  39. 
Chlamydococcus,  43. 
Chlamydomonadeae,  42. 


Chlamydomonas,  42. 
Chlorobotrys,  25,  26. 
Chlorococcus,  29,  38. 
Chlorophyceae,  9,  26. 
Chlorosphaera,  33. 
Choaspis,  66,  67. 
Chroococcaceae,  11. 
Chroococcus,  12,  14. 
Chroolepus,  45. 
Cladophora,  54. 
Cladophoraceae,  53. 
Clathrocystis,  13. 
Closterium,  58,  60. 
Coccogoneae»  11. 
Ccelastreae,  31,  36. 
Gxlastrum,  36. 
Coelosphaerium,  12,  13. 
Coenobia,  27,  31. 
Coleochaeta,  51. 
Coleochaetaceae,  44,  50. 
Conferva,  25. 
Conjugatae,  9,  27,  55. 
Cosmaridium,  63. 
Cosmarium,  59,  63. 
Cosmocladium,  59. 
Craterospermum,  68. 
Crucigenia,  36. 
Crucigenieae,  31,  35. 
Cryptonemiales,  71. 
Cthonoblastus,  20. 
'Cyanophyceae,  9,  10. 
Cylindrocapsa,  45,  48. 
Cylindrocapsaceae,  45,  48. 
Cylindrocystis,  57. 
Cylindrospermum,  21. 
Cystococcus,  38. 

Dactylococcus,  34. 
Desmidiaceae,  55,  56. 
Desmidium,  60,  65. 
Diatomaceae,  9,  24. 
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Diatomin,  9. 
Dicothrix,  15,  16. 
Dictyocystis,  32. 
Dictyosphaerieae,  31.     * 
Dictyosphaerium,  31,  32. 
Didymopriura,  65- 
Dimorphococcus,  34. 
Docidium,  58,  61. 
Dolichospermum,  21. 
Drapamaldia,  46,  47. 
Dysphinctium,  63. 

Enteromorpha,  43. 
Eremosphaera,  33. 
Euastrum,  59,  62. 
£udorina»  40,  41- 
Eudorinella,  41. 
Gametes,  9. 
Genicularia,  57. 
Gloeocapsa,  12,  13,  14. 
GlcEOcystideae,  28,  29. 
Gloeocystis,  29. 
Gloeothece,  12,  13. 
Gloeotrichia,  14,  15,  16. 
Gomphosphaeria,  12,  13. 
Gonatonema,  68. 
Gonatozygon,  57. 
Gongrosira*  45. 
Gonium,  40. 
Gymnozyga,  60,  65. 

Haematococcus,  43. 
Hapalosiphon,  23. 
Hariotina,  36. 
Hassallia,  23. 

Hclminthocladiaccae,  71,  72. 
Herposteiraceae,  44,  50. 
Herposteiron,  50. 
Heterocysts,  10. 
Heterokontae,  9,  24. 
Hildenbrandtia»  71. 
Hprraidium,  44. 
Hormiscia,  49. 
Hormococcus,  49. 
Hormogoneae,  10,  11,  14- 
Hormogoncs,  10. 
Hyalotheca,  59.  65. 


Hydrodictyaceae,  28,  37. 
Hydrodictyon,  37,  38. 
Hydrurus,  70. 
Hyphoeothrix,  19,  20. 

Ichthyoccrcus,  58. 
Inactis,  20. 
Isactis,  15,  16. 

Kirchnericlla,  34. 

Leibleinia,  19. 
Lemanea,  72. 
Lemaneaceae,  71. 
Lemmermannia,  36. 
Leptosira,  45,  46. 
Leptothrix,  19. 
Lcuronema,  65. 
Limnactis,  16. 
Lyngbjra,  18,  19,  aa 
Lyngbycac,  17,  18. 

Mastigonema,  16. 
Mastigothrix,  16. 
Merismopedia,  11,  la. 
Mesocarpeae,  68. 
Mesocarpus,  68. 
Mesotaenium,  57. 
Micrasterias,  59,  63. 
Microcoleus,  20. 
Microcystis,  12,  13,  22. 
Microspora,  49- 
Microsporalcs,  27. 
Microthamnion,  46,  47. 
Mougeotia,  68. 
M3rxonema,  46,  47. 
Myxophyccae,  9,  la 

Nemalionales,  71. 
Ncphrocjrtium,  33- 
Netrium,  57.  58. 
Nostoc,  21. 
Nostocaceae,  17.  20. 

CEdogoniales,  27,  Si- 
CEdogonium,  51,  5^. 
Onchonema,  59,  65. 
Oocardium,  59. 
Oocystideae,  31,  33- 


Digitized  by 


G©ogIe 


No.  lo.] 


FRESH-WATER   ALGiE. 


n 


Oocystis,  33. 
Ophiocjrtium,  25,  26. 
Oscillaria,  19. 
Oscillatoria,  18,  19,  20. 
Oscillatoriaceae,  10,  17. 

Palmella,  30. 
Palmellaceae,  28. 
Palraelleae,  29,  30. 
Palraellococcus,  33,  34. 
Palmodactylon,  30. 
Palmodictyon,  29. 
Pandorina,  40,  42. 
Pediastreae,  37. 
Pediastrum,  37. 
Penium,  58,  60. 
Petalonema,  22. 
Phaeophyceae,  9. 
Phormidium,  18,  19. 
Phycocyanin,  9. 
Phycoerythrin,    10. 
Phycophaein,  9. 
Phymatodocis,  59. 
Phythclicae,  31,  36. 
Pilinia,  45. 
Pithophora,  53. 
Placodcrmae,  56,  58. 
Plagiospermum,  68. 
Planogametes,  30. 
Plectonema,  18,  19. 
Pleurococcaceap,  28,  38. 
Pleurococcus,  38. 
Pleurotaeniopsis,  d^^ 
Pleurotaenium,  58*  61. 
Polycystis,  13. 
Polycdrium,  32. 
Prasiola,  44. 
Protococcaceae,  28,  31. 
Protococcales,   27. 
Protococcus,  34,  38. 
Pseudocilia,  29. 
Pseudoccenobia,  31. 
Pseudopleurococcus,  38. 
Psilonemateae,  14,  17. 

Raphidium,  35. 
Rhizoclonium,  54. 


Rhodophyceae,  10.  ' 
Rivularia,  15,  16. 
Rivulariaceae,  15. 
Roya,  58,  60. 

Saccodermae,  56. 
Scenodesmus,  34,  35. 
Schizochlamys,  30. 
Schizogoniales,  27,  43. 
Schizogonium,  44. 
Schizophyceae,  9. 
Schizosiphon,  22. 
Schizothrix,  20. 
Schoderia,  35. 
Sciadium,  26. 
Scytonema,  22,  23. 
Scytonemaceae,  17,  22. 
Selenastreae,  31,  34. 
Selenastrum,  34,  35. 
Selenosphaerium,  36. 
Sex  union,  9. 
Siphonales,  27,  54. 
Sirogonium,  67. 
Sirosiphon,  23. 
Sorastrum,  36. 
Sphaerella,  42. 
Sphaeroplea,  53. 
Sphaerozosma,  59,  64. 
Sphaerozyga,  21. 
Spirocoleus,  19. 
Spirogyra,  66,  67. 
Spirotaenia,  57. 
Spirulina,  18. 
Spondylomorum,  40,  41. 
Spondylosium,  59,  65. 
Spores,  8. 
Squamariaceae,  71. 
Staurastrum,  59,  62. 
Staurogenia^  36. 
Staurospermum,  68. 
Stephanosphaera,  40,  41. 
Stichococcus,  49. 
Stigeoclonium,  47. 
Stigonema,  23. 
Stigonemaceae,  17,  23. 
Streptonema,  60. 
Swarm  spores,  9. 
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Syraphysiphon,  22. 
Syraploca,  18,  19. 
Synechococcus,  11,  12. 

Tetmemorus,  58,  61. 
Tetrachastrum,  63. 
Tetraedreae,  31,  32. 
Tetraedron,  32. 
Tetragonium,  40. 
Tctraspora,  29. 
Tetrasporcae,  28,  29. 
Thorea,  73- 
Tolvpothrix,  22,  23. 
Trentepohlia,  45. 
Trentepohliaceae,  44,  45. 
Tribonema,  25. 
Tribonemaceae,  24,  25. 
Trichormus,  21. 
Trichophorcae,  14. 
Triploceras,  58. 
Tuomeya,  72. 

Ulothrix,  49. 


Ulotrichaceae,  48,  49. 
Ulvaceae,  43. 
Ulvales,  27. 

Vaucheria,  55. 
Vaucheriaceae,  54. 
Vaginarieae,  17,  20. 
Volvocaceae,  28,  39. 
Volvoceae,  39,  40. 
Volvox,  40,  41. 

Willea,  36. 

Xanthidium,  59,  64. 
Xanthophyll,  9. 

Zonotrichia,  16. 
Zygnema,  66. 
Zygnemaceae,  65. 
Zygnemeae,  66. 
Zygogonium,  66. 
Zygote,  9. 
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Plate  I;  Figures  i  to  6;  All  Magnified  i,ooo  Diameters. 

page     19 


Fig-.  I.  Oscillatoria  siibtilissinta     Kiitz.     . 

Fig.  2.  "  (crugincO'Ccvrulca     Kutz. 

i'JR-  3-  Mcrismopedia  glauca    Nag. 

Fig.  4.  "  convoluta     Breb.     . 

Fig.  5.  Oscillatoria  lintosa     Ag. 

Fig.  6.  "  pcrcursa     Kiitz. 
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Plate  II;  Figures  7  to  10;  All  (except  Fig.  8a)  Magni- 
fied 1000  Diameters. 

Fig.     7.     Coelosphwrium  Kuetzingianum      Nag.         page     13 

Fig.     8.     Glacocapsa  arenaria  (?) 

Fig.     8a.  "  "         A  mass  of  the  plant, 

natural  size 

Fig.     9.     Microcystis  (crtiginosa     Kiitz.  (?).       In  a 

mucilaginous  mass    .... 
Fig.     9a.  Microcystis  ccruginosa     Kutz.     Without 

the  mucilaginous  mass 
Fig.  10.     Aphanocapsa  Gmnllei    (Ilass.)    Rab.  "        14 


Digitized  by  VjOOQIC 


PLATE 


IsS 


Digitized  by 


Google 


Plate  111;  Figures  ii  to  15;  All  Magnified  iooo 
Diameters. 

Fig.  II.     Atwbccna  gigantea    Wood  .         .         page  22 

Fig.  12.  "         Flos-aqua:     Kiitz.     or  circinalis 

(Rab.)  Kirch u  u 

iMg.  13.     Lyngbya   sp.    ( ?)         .         .         .         .  "  19 

Fig.  14.     Oscillatoria  chalybea    Mertens  .  " 

Fig.   15.  "  amphibia     Ag.  .         .  «*  *' 
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Plate  IV;  Figures  i6  to  19;  Fig.  18  Magnified  500  Diam- 
eters ;   THE  OTHERS  lOOO  DIAMETERS. 

Fig.  16.  Nostoc  rupestre    Kiitz.       .         .         .  page  21 

Fig.  17.  "            "              "...           "  " 

Fig.  18.  "       sp.  (?) 

Fig.  19.  **       comminutum     Kiitz.         .         .            "  « 
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Plate  V;  Figures  20  to  29;  Figs.  26  and  29  Magnified  500 
Diameters;  all  others  iooo  Diameters. 

Fig.  20.  Ophiocytinm  parzmlum  (Perty)  A.Br,  page  26 
Fig.  21.     Triboncma  minus     (Wille)     Haz.      .  **        26 

Fig.  22.  Dictyosphccrinm  Ehrenhergianum  Nag.  "  32 
Fig.  27^.  Tctracdron  minimum  (A.  Br.)  Hansg.  **  33 
Fig.  24.  **  trigonum     var.  punctatum 

(Kirch.)       ^ **         " 

Fig.  25.     Tetraedron   trigonum     var.   pcntagonum 

(Rab.) 

Fig.  26.     Nephrocytinm  Kacgclii     A.  Br.  . 

Fig.  27.  "  Agardhianum     Nag. 

Fig.  28.     Glccocystis  vesiculosa     Nag.        .         .  '*        29 

Fig.  29.     Nephrocytinm  Ndgelii    A.  Br.    .         .  *'        33 
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Plate  VI ;  Figures  30  to  49 ;  All  Magnified  iooo 
Diameters. 

Fij^.  30.     Pahnellococcns  sp.     ( ?)      .         .         .  page     34 

Fig.  31.  "  Gigas     (Kiitz.). 

Fig.  32.     Sccnodesmns  candatus    var.  abundans 

Kirch *'        35 

Fig.  ^^.     Sccnodesmns    candatus     var.    typicus 

Kirch ".         .  "         " 

Fig.  34.     Sccnodesmns    candatus     var.    setosus 

Kirch "         " 

^^S'  35-     Sccnodesmns  sp.     ( ?)          .         .         .  "         " 

Fig.  36.                *'             candatus     Corda             .  '*         " 

Fig.  :^7.               '*             acntus     Meyen       .         .  «»         «« 

Fig.  38.                **             obtnsus     Meyen     .         .  ..         " 
Fig.  39.                **             antcnnatus     Rreb.     var. 

rectus    Wolle           ....  -        " 

Fig.  40.     Ankistrodcsmus  Brannii    (Nag.)     (?)  "         ** 
Fig.  41.                 **               falcatus     var.    mira- 

bills    West "         " 

Fig.  42.     Sccnodesmns  dimorphns    Kiitz.  .         .  "         " 

Fig.  43.     Sclcnastrum  sp.    ( ?)  .         .         .         .  "         ** 

Fig.  44.     Sccnodesmns  dimorphns     Kiitz.           .  "         " 
Fig.  45.     Ankistrodcsmus  falcatus    (Corda)    Ralfs.     " 

Fig.  46.     Sclcnastrum  acuminatum     Lagerh.      .  **         " 
Fig.  47.     Ankistrodcsmus  falcatus      var,  acicu- 

laris     West ».         » 

Fig.  48.     Tribonema  bombycinum    (Ag.)    Derbes 

and  Sol "26 

Fig.  49.     Sccnodesmns  sp.    (?)           ...  "35 
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PLATE   VI. 


Plate  VII ;  Figures  50  to  56 ;  All  except  Fig.  54a  Magni- 
fied 1000  Diameters. 


F«g-  50- 

Fig-  51 
F'R-  52 

F'g-  53 
Fig-  54 

Fig-  55 
Fig.  56. 


Pcdiastruiii  pertitsum    var.  clathralnm 
A.  Br 

Calastrum  microporum     Nag.     . 

Pediastrttm  pcrtusitm    var.  clathrattnn 
A.  Br 

Characium  Xaegelii    A.  Br. 

Kirchncriella  obesa     (West)     Schmidle. 
•  Fig.  54a  represents  a  single  cell 

Sorastrnm  spinulosiim     Nag. 

Characium  aiiibigunm     Herm.    . 


page 
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PLATE   VII. 
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Plate  VIII;  Figures  57  to  6o;  All  Magnified  500  Diam- 
eters. 

Fig.  57.     Pediastrum    pertusum      var.    clathra- 

turn      A.  Br page    38 

Figs.  58,  59.     Pediastrum  Boryanum     (Tuq).) 

Meneg.     var.  granulatum     Kiitz.     .  "         " 

Fig.  60.     Spirogyra  crassa    Kiitz.      ...  "67 
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Digitized  by  VjOOQIC 


Plate  IX ;  Figures  6i  to  71  ;  Fig.  68  Magnified  500  Diam- 
eters; ALL  OTHERS   lOOO  DiAMETERS. 

Figs.  61-63.     Pediastrum  Ehrenbergii    A.  Br.  .  page  38 
Fig.  64.                     "                     "                var. 

truncatum    Braun    ....  "  *< 
Fig.  65.     Pediastrum  sp.    ( ?)     . 

Fig.  66.             "           pertusum    Kiitz.       .         .  ^  " 
Fig.  67.             **           Boryanum    (Turp.)    Meneg. 

var.  granulatum     Kiitz.            .         .  "  " 

Fig.  68.     Pediastrum  pertusum    Kiitz.       .         .  "  *« 

Fig.  69.             "           tetras    Ehrb.    ...  **  " 

Figs.  70,  71.     "            pertusum     Kiitz.       .         .  **  <* 
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Plate  X;  Figures  ^2  to  yy. 

Fig.  72.     Palmella    mucosa     Kiitz.     ( ?)      (250 
diameters) 

Fig.  y2a.     A  colony  of  the  same,  natural  size    . 

Fig.  73.     PI  euro  coccus  vulgaris    Menegh.    (500 
diameters) 

Fig.  74.     Volvox,      A    young    colony.     (500 
diameters) 

I^i&-  75-     Volvox  aureus     Ehrb.     (200  diameters) 

I^ig-  7^-          "      globator     Ehrb.      (125  diam- 
eters)          

^^^'  77'     Tetraspora  gelatinosa    (Vauch.)    Desv. 
(250  diameters)        .... 

Fig.  yja,  A  colony  of  the  same,  natural  size 
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PLATE   X. 
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Plate  XI;  Figures  78,  79;  Magnified  250  Diameters. 

Fig.  78.     Myxonema  sp.    ( ?)     .         .         .         .        page    47 
Fig.  79.        '     "  tenue    (Ag.)     Rab.  .         .  "         " 
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Plate  XII;  Figures  8o  to  82. 

Fig.  Soa,Co!eoch(€te  irregularis    Pringsh.     (?) 

(250  diameters)        ....         page     51 

b,  Herposteiron     Confcn'icola     Niig.       .  "        50 

c.  Diatom 

Fig.  81.     Myxonema  lubricnm  wslt.  varians    Haz. 

(500  diameters)        ....  "47 

Fig.  82.     Myxonema  tenue     (Ag.)     Rab.     (250 

diameters) «         « 
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Plate  XIII;  Figures  83,  84;  Magnified  too  Diameters. 

Figs.  83,  84.     Draparnaldia  plumosa     (Vauch.) 

Ag page    48 
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PLATE   XIII. 
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Plate  XTV^  Fic;lres  85  to  89. 

Fig.  85.     Motii^cotia  s\y.  (?)     (500  diameters)     .         page     68 
Figs.  86  to  89.     Ulothrix  sp.    (  ?)     ( 1000  diam- 
eters,   except    86a,    which    is    500 
diameters) "49 
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PLATE   XIV. 


88      ^^^^^^^^*^i&^r_  ''"^  -z^.^m^^^^^ 


Digitized  by 


Google 


Plate  XV;  Figures  90  to  95;  Magnified  iocx)  Diameters, 
EXCEPT  Fig.  91. 

Fig.  90.     Ulothrix.    Young  stage       .                  .  page    49 

Fig.  91.            "                  "          "       (low  power)  "        " 

Fig.  92.     Microspora  Stagnorum    (Kiitz.)     Lag.  "        50 

Fig.  93.     Ulothrix  tenerrinta    Kiitz.           .         .  "49 
Fig.  94.           "        zonata      (Web.  and  Mohr) 

Kiitz u        u 

Fig-  95-     Ulothrix  sp.    ( ?) 
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PLATE  XV. 
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Plate  XVI;  Figures  96  to  98;  Magnified  iooo  Diameters. 

Fig.  96.     (Edogonium  sp.    ( ?)    .         .         .         .         page     52 

Fig.  97.     Bulbochcpte  sp.    ( ?)     . 

Fig.  98.  "  "       Young  stage      .         .  "        *' 
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Plate  X\H  ;  Figures  99  to  105;  Magnified  iooo 
Diameters. 


Fig. 

99. 

Cosmarium  Broomei     Thwaites         .         pag 

Fig. 

100. 

tumidum     Lund.     .         .            " 

Fig. 

1 00a. 

.       (?)      . 

Fig. 

lOI. 

Pleurotccnium  sp.    ( ?)       .         .         .            ** 

Fig. 

102. 

Cosmarium  ornatum     Ralfs       .         .           ** 

Fig. 

103. 

Pleurotccnium    Baculum     Breb.          .            " 

Fig. 

104. 

Euastrinn  vcrrucosum     (Ehrb.)     Ralfs        ** 

Fig. 

105. 

"         integrum     Wolle         .         .            " 

64 


6r 


62 


Digitized  by 


Google 


PLATE   XVI 
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Plate  XVIII;    Figures  io6  to  io8;    Fig.   107  Magnifiei> 
1000  Diameters;    others  500  Diameters. 

Fig.  106.     Micrasterias  radiosa     (Ag.)      Ralfs 

var.  punctata    West      .         .         .        page     65 

Fig.  107.     Micrasterias  Crux-Mclifensis    (Ehrb.) 

Hass *.        ** 

Fig.  108.     Micrasterias  apiculata    Menegh.        .  **        *" 
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Plate  XIX;  Figures  109  to  121;  ^Iagxified  icxx) 
Diameters. 


Fig.  109.     Cosmarium  granatnm     Rreb.     . 
Fig.   no.  **  crenatnm     Ralfs 

Figs.   Ill,  112.     Cosmarium  sp.    (  ?)  . 
Fig.   113.     Cosmarium  suhorbic  id  are    Wood 
Fig.   114.  **  sp.     (?)   . 

Figs.  115,  116.  Cosmarium  Botrytis  Menegli. 
Fig.  117.  Cosmarium  contractum  Kirch. 
Figs.  118,  119.  Spliccrocosma  fili forme  Rab.  . 
Fig.  120.  Sphccrozosma  spinulosum  Delp.  (?) 
Fig.  121.  Xanthidium  fasciculatum  var.  sub- 
alpinum     Wolle        .... 


page     64 
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PLATE   XIX. 
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Plate  XX :  Fic.lres  122  to  133;  Magnified  iooo  Diameters. 

Fig.  122.     Staurasfrum  dcjcctnm    var.    cotivcr- 

gcns    Wolle page    62 

Figs.  123,  124.     Staurastrum  orbicidare    (Ehrb.) 

Ralfs "         " 

Fig.  125.     Staurastrum   deject  urn     var.   mucro- 
uatum     Ralfs  .... 

Figs.  126,  127.     Staurastrum  megacanthum    Lund. 

Fig.  128.     Staurastrum  brez'ispinum     Breb. 

Fig.  129.  **  muricatum     Breb. 

^^S'  130-  *  erasum     Breb. 

Fig.   131.  **  **  '*        Show- 

ing multiplication  by  division 

Fig.  132.     Staurastrum  odonatum    Wolle  . 

I'^R-   ^ZZ'  *  hirsutum     (Ehrb.)     Breb. 
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PLATE   XX. 
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Plate  XXI;  Fkiures  134  to  144;  Magnified  iooo 
Diameters. 

Figs.  134,  135.     Staurastrum  Ravenelii    Wood    (?)  page  62 

Fig.  136.     Staurastrum  furcigerum     Breb.         .           "  ** 

Figs.  137-142.     Staurastrum    species  undetermined      "  " 

Fig.  143.     Staurastrum  iotanum    Wolle     .         .            "  « 

Fig.  144.              *•           custephanum     Ralfs      .           **  " 
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PLATE   XXI 


134- 


Digitized  by 


Google  li^ 


Plate  XXII;  Figures  145  to  151;  Figures  147,  149,  151 
Magnified  500  Diameters;  Others  iooo  Diameters. 

Figs.  145,  146.     Roya  obtusa    (Breb.)     West    .  page     60 

Fig.  147.     Closterium  acuminatum    Kiitz. .         .  *»         <» 

Fig.  148.             "           lanccolatum     Kiitz.            .  **         " 

Fig.   149.             **           Cucumis     Ehrb.    (  ?)        .  "         " 
Fig.  150.             *'           acerosum     (Schrank) 

Ehrb.    (?).     With  fungous  growth  " 
Fig.   151.     Closterium    acerosum       (Schrank) 

Ehrb.    (?).     About  to  divide  . 


PLATE   XXII. 
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Plate   XXIII;   Figures    152   to    159:   Figs.    152,    157,    158 
Magnified  500  Diameters;    others   iooo  Diameters. 


Fig.  152.  Clostcrium  Lunula    Ehrb. 

J^iR-  153-  "            turgidum    Ehrb. 

Fig.  154.  "            strigosum     Ehrb.     . 

^^R-  ^55-  **           costatum     Corda 

Mg.   156.  "            Dclpontci     Klebs     . 

Fig.  157.  '*            prclongum     (Breb.) 

Fig.  157a.  **            lineatum     Ehrb. 

Fig.  158.  ••                •'              "       A 

tipHcation  by  division 

Fig.   159.  Clostcrium  decorum     r)rcb. 
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PLATE   XXIII. 
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Plate  XXIV;  Figures  i6o  to  165;  Magnified  iooo  Diam- 
eters, Except  Fig.   161. 

Fig.  160.     Clostcrium  Jcnneri    Ralfs.         .         .  page  61 
Fig.  161.             "           areolatum     Wood      (500 

diameters) **  " 

Fig.  162.     Closterium  Diana:    Ehrb.  ...  »*  *< 
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PREFACE 


The  plants  treated  in  the  present  report  are  largely 
neglected  by  collectors,  partly  on  account  of  their  small  size 
and  the  difficulties  encountered  in  their  identification,  partly 
on  account  of  their  slight  value  from  an  economic  standpoint. 
To  the  student  of  botany,  however,  and  especially  to  the 
morphologist  and  taxonomist,  they  are  of  exceptional  interest. 
The  morphologist  finds  among  them  all  gradations  between 
simple  and  more  complex  types  of  structure,  and  is  thus 
enabled  to  gain  some  idea  of  the  way  in  which  the  higher 
plants  may  have  been  derived  from  the  lower;  while  the 
taxonomist  obtains  from  them  a  series  of  distinct  and  at- 
tractive genera  and  species,  which  offer  for  his  solution  many 
complicated  problems  in  variation  and  geographical  distribu- 
tion. In  presenting  to  the  botanists  of  Connecticut  some  ac- 
count of  the  work  which  has  been  done  on  the  Bryophytes 
within  the  state,  it  is  hoped  that  more  interest  in  this  neglected 
group  of  plants  may  be  aroused. 

TTie  report  includes  a  general  description  of  the  Bryoph3rtes 
as  a  whole  and  of  the  six  subdivisions  or  orders  into  which  it 
seems  advisable  to  divide  them.  It  also  contains  keys,  more 
or  less  artificial,  to  aid  in  the  identification  of  those  species 
which  have  been  detected  in  Connecticut.  But  it  makes  no 
attempt  to  describe  or  illustrate  the  genera  and  species 
represented,  and  is  not  intended  as  a  substitute  for  the  works 
in  which  such  descriptions  and  illustrations  are  to  be  found. 
The  student  who  makes  a  careful  study  of  our  Mosses  and 
Hepatics  will  still  find  it  necessary  to  use  books  of  this  charac- 
ter in  order  to  confirm  the  determinations  made  by  the  keys, 
but  the  report  should  make  the  work  of  determination  more 
decisive  by  indicating  which  species  are  to  be  expected  in 
our  region.  The  various  books,  articles,  and  scattered  notes, 
which  relate  directly  to  Connecticut  Bryoph3rtes,  are  listed  in 
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the  bibliography  at  the  close  of  the  report  The  following 
recent  works  (not  included  in  the  bibliography)  may  also  be 
recommended :  — 

1.  Braithwaitc,  R.  The  British  Moss-Flora.  Vol.  I,  pp.  x  + 
315.  45  plates.  Vol.  II,  pp.  268.  Plates  46-84.  Vol.  Ill,  pp.  274. 
Plates  85-128.     Large  8vo.     London,  1887-1905. 

2.  Howe,  M.  A.  The  Hepaticse  and  Anthocerotes  of  California. 
Mem.  Torrey  Club,  7: 1-208.    PI.  88-122.     1899. 

3.  Warnstorf,  C.  Kryptogamenflora  der  Mark  Brandenburg. 
Band  I.  Leber-  und  Torfmoose.  pp.  xvi  +  481.  Band  II.  Laub- 
moose.  pp.  xii  +  1160.  Fully  illustrated  by  text-figures.  Leipzig, 
1902-1906. 

4.  Dixon,  H.  N.,  and  Jameson,  H.  G.  The  Student's  Hand- 
book of  British  Mosses.  Second  Edition,  pp.  xlix  +  586.  65  plates. 
8vo.    Eastbourne  and  London,  1904. 

5.  Roth,  G.  Die  europaischen  Laubmoose.  Band  I.  pp.  xiii 
+  598.  52  plates.  Band  II.  pp.  xvi  +  733*  62  plates.  Large  8vo. 
Leipzig,  1904-1905. 

6.  Roth,  G.  Die  europiischen  Torfmoose.  pp.  viii  +  80.  11 
plates.    Large  8vo.    Leipzig,  1906. 

7.  Muller,  C.  Rabenhorst's  Kryptogamen- Flora  von  Deutsch- 
land,  Oesterreich  und  der  Schweiz.  2.  Auflage.  Band  VI.  Die 
Lebermoose.  Incomplete.  Six  fascicles,  comprising  384  pp.  and 
225  text-figures,  have  already  been  published.    Leipzig,  1906-1908. 

In  the  study  of  certain  critical  families  and  genera  the 
writers  have  received  much  assistance  from  Mrs.  Elizabeth  G. 
Britton,  of  the  New  York  Botanical  Garden,  Mr.  C.  Warnstorf, 
of  Berlin,  Germany,  and  Mr.  J.  Cardot,  of  Charleville,  France. 
Other  correspondents,  who  will  be  mentioned  particularly  in 
the  catalogue  of  species,  have  kindly  furnished  material  of 
Connecticut  Bryophytes  for  examination,  and  have  thereby 
made  the  report  much  more  complete  than  it  would  otherwise 
have  been.  To  all  of  these  the  writers  would  express  their 
sincere  thanks. 

Botanical  Laboratory, 

Sheffield  Scientific  School. 
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THE  BRYOPHYTES  OF  CONNECTICUT 


GENERAL   CHARACTERISTICS   OF  THE  BRYO" 

PHYTES 

The  Bryophytes  represent  a  very  clearly  defined  Class  in 
the  Vegetable  Kingdom,  occupying  a  position  just  below  the 
Pteridophytes,  which  include  the  Ferns  and  their  allies.  They 
comprise  the  plants  which  are  properly  known  as  Mosses  and 
Liverworts.  They  must  not  be  confused,  however,  with  Algae 
and  Lichens,  both  of  which  are  sometimes  called  mosses, 
although  simpler  and  less  definite  in  organization,  nor  yet 
with  the  more  highly  developed  Club  Mosses,  which  belong 
to  the  Pteridophytes.  The  group  is  characterized  by  a  clearly 
defined  alternation  of  generations  and  by  complex  sexual 
organs,  both  antheridia  and  archegonia  being  multicellular,  and 
showing  a  differentiation  into  sterile  and  fertile  cells. 

The  gatnetophyte,  or  sexual  individual,  is  a  g^een  plant, 
capable  of  absorption  from  the  outside  and  therefore  able  to 
lead  an  independent  life.  It  constitutes  the  plant-body  of  the 
Moss  or  Liverwort  as  ordinarily  understood,  and  is  usually 
much  larger  and  more  conspicuous  than  the  sporophyte,  or 
asexual  individual.  It  consists  of  a  dorsi-ventral  thallus, 
usually  closely  appressed  to  the  substratum,  or  else  of  a  leafy 
shoot,  the  leaves  being  always  destitute  of  stalks,  and  usually 
but  a  single  cell  thick  throughout  the  greater  part  of  their 
extent.  Whatever  its  form  the  gametophyte  exhibits  an  apical 
growth,  frequently  dying  at  one  end  while  it  advances  at  the 
other.  It  develops  no  true  root,  as  do  the  higher  plants,  but 
clings  to  the  substratum  by  means  of  filamentous  organs  called 
rhizoids,  which  often  play  no  part  in  the  process  of  absorption. 
The  antheridia  and  archegonia  are  borne  on  the  gametophyte ; 
in  monoicous  species  they  arise  on  the  same  plant ;  in  dioicous 
species,  on  different  plants.  The  antheridium  consists  of  a 
spheroidal  or  ovoid  sac,  sometimes  stalkless  and  sometimes 
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borne  on  a  short  stalk.  The  sac  is  bounded  on  the  outside  by 
a  wall  composed  of  a  single  layer  of  sterile  cells,  and  the 
whole  interior  is  occupied  by  a  compact  mass  of  fertile  cells, 
each  one  of  which  gives  rise  to  a  single  male  cell,  or  sperm. 
When  the  antheridium  is  mature,  it  absorbs  water  and  bursts 
its  wall,  allowing  the  sperms  to  escape  and  swim  away.  Each 
sperm  consists  of  a  slender  body,  and  swims  by  means  of  two 
long  and  delicate  cilia  attached  at  one  end. 

The  archegoniutn  may  also  be  stalkless  or  borne  on  a  short 
stalk,  but  is  more  slender  than  the  antheridium.  The  sing^le 
female  cell,  or  egg,  is  developed  in  the  swollen  basal  portion 
which  is  called  the  venter,  and  this  is  tipped  with  a  somewhat 
longer  cylindrical  portion  called  the  neck.  Both  venter  and 
neck  are  bounded  on  the  outside  by  a  wall  composed  of 
sterile  cells.  The  egg  represents  the  lowest  of  a  row  of  cells 
enclosed  by  this  wall,  the  remaining  cells,  which  fill  the  neck 
and  a  portion  of  the  venter  as  well,  being  known  as  canal  cells. 
When  the  mature  archegonium  absorbs  water,  the  neck  opens 
at  the  tip,  and  the  canal  cells  break  down  into  a  mass  ~of 
slime,  some  of  which  escapes  through  the  opening.  In  this 
way  a  free  canal  is  formed  which  leads  from  the  outside  into 
the  venter,  and  at  the  base  of  this  canal  the  egg  becomes 
rounded  oflF.  The  sperms,  attracted  by  the  protoplasmic  slime 
exuding  from  the  archegonium,  swim  toward  it,  and  one  of 
them  makes  its  way  down  the  canal,  uniting  with  the  egg 
and  thus  completing  the  process  of  fertilization. 

As  soon  as  this  has  been  accomplished,  the  fertilized  egg, 
without  escaping  from  the  archegonium,  begins  at  once  to 
develop  into  the  sporophyte,  which  remains  in  contact  with 
the  gametophyte  during  its  entire  life,  without  being  organ- 
ically connected  with  it.  The  chief  function  of  the  sporophyte 
is  to  develop  asexual  spores,  but  some  of  its  cells  invariably 
remain  sterile  and  perform  functions  not  connected  with 
reproduction.  In  the  more  primitive  Bryophytes  it  is  practi- 
cally destitute  of  chlorophyll,  and  is  therefore  wholly  dependent 
upon  the  gametophyte  for  food,  living  as  a  parasite  upon  it. 
In  the  higher  forms  it  develops  green  cells,  capable  of  per- 
forming photosynthesis,  and  probably  derives  nothing  from  the 
gametophyte  except  solutions  of  inorganic  substances.  In 
such  cases  the  parasitism  is  only  partial.    The  portion  of  the 
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^T"^^  '^Viich   remains  in  close  contact  with  the  gameto- 

C  ^     V  ^^  ^orms  a  special  absorbing  organ,  or  foot.    This 

c^rga">     P'Wever,  never  acquires  the  power  of  absorbing  from 

-tJic      tside,  so  that  the  sporophyte  'is  never  able  to  exist  as 

an  entirely  independent  plant. 

ine  spores  are  borne  within  a  closed  case,  or  capsule, 
which  constitutes  the  so-called  fruit  in  the  Bryophytes.  The 
capsule  is  bounded  on  the  outside  by  a  sterile  wall,  and  the 
space  in  which  the  spores  are  developed  is  known  as  the 
spore  cavity.  When  the  spores  are  mature,  they  lie  loose 
within  the  cavity,  and  are  set  free  by  the  rupturing  of  the 
wall.  In  the  majority  of  cases  the  capsule  is  borne  on  a 
slender  cylindrical  stalk,  which  connects  it  with  the  foot  and 
at  the  same  time  lifts  it  above  the  gametoph3rte. 

When  the  fertilized  egg  begins  to  divide,  the  sterile  cells 
.  which  form  the  wall  of  the  venter  also  undergo  divisions  and 
develop  into  a  protective  covering  for  the  young  sporophyte. 
This  covering  is  called  the  calyptra,  and  for  a  considerable 
period  its  growth  keeps  pace  with  that  of  the  sporophyte. 
Sooner  or  later,  however,  it  ceases  to  enlarge  and  is  eventually 
ruptured  by  the  swelling  capsule.  The  neck  of  the  fertilized 
archegonium  plays  no  part  in  the  development  of  the  cal)rptra, 
but  can  frequently  be  detected  at  its  apex  in  a  shriveled  condi- 
tion.   In  a  few  specialized  genera  a  true  calyptra  is  not  formed. 

Upon  germination  a  spore  at  first  gives  rise  to  an  embryonic 
structure,  or  protonema,  upon  which  the  characteristic  gameto- 
phyte  afterwards  develops.  The  protonema  is  sometimes 
very  short-lived,  but  in  many  species  persists  for  a  considerable 
period.  It  usually  consists  of  a  copiously  branched  filamentous 
structure,  but  it  may  be  composed  of  a  flat  layer  of  cells  or 
of  a  small  solid  cell  mass.  In  some  cases  the  protonema  is 
represented  by  a  very  few  cells  arranged  in  a  simple  cell  row 
and  is  then  scarcely  distinguishable. 

Although  very  few  Bryophytes  are  truly  aquatic,  it  has 
been  shown  that  the  presence  of  water  is  necessary  for  the 
process  of  fertilization.  It  not  only  enables  the  antheridia  and 
archegonia  to  open,  but  it  also  affords  a  medium  in  which 
the  motile  sperms  can  swim.  The  water  is  usually  supplied 
by  rain,  but,  if  no  rain  falls  at  the  proper  time,  the  antheridia 
and  archegonia  gradually  shrivel  away  and  sporophytes  fail  to 
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be  developed.  Any  failure  to  eflfect  fertilization  is  of  course 
a  menace  to  the  further  existence  of  a  species,  and  the  probabil- 
ity of  failure  is  especially  great  in  the  case  of  dioicous  species, 
where  the  male  and  female  plants  are  often  far  apart,  neces- 
sitating a  long  journey  for  the  sperms.  To  a  certain  extent 
the  danger  is  overcome  by  the  development  of  organs  of  vege- 
tative reproduction,  known  as  gemtncB  or  propagula.  The 
simplest  of  these  consist  of  single  cells  or  of  small  groups 
of  cells  without  definite  form.  They  easily  become  separated 
from  the  parent  plant  and  develop  into  new  individuals  if 
supplied  with  the  proper  conditions.  In  many  cases  the 
reproductive  bodies  are  more  complex  and  already  show,  even 
before  they  fall  away,  some  indication  of  the  thallus  or  leafy 
shoot  into  which  they  will  develop.  Certain  species  reproduce 
largely  if  not  entirely  by  means  of  these  vegetative  bodies. 

It  is  customary  to  divide  the  Bryophytes  into  two  sub- 
classes, known  respectively  as  the  Hepaticae,  or  Liverworts, 
and  the  Musci,  or  Mosses.  This  classification,  however,  as 
Underwood  and  others  have  pointed  out,  does  not  altogether 
represent  the  facts,  and  it  is  more  convenient,  if  not  more 
natural,  to  divide  the  group  into  the  following  six  orders, 
which  may  be  considered  as  approximately  equal  in  rank:  — 
I.  Marchantiales  ;  II.  Jungermanniales  ;  III.  Anthocero- 
TALES ;  IV.  Sphagnales  ;  V.  Andre^ales  ;  VI.  Bryales.  By 
adopting  this  course  it  becomes  much  more  practicable  to 
assign  definite  characters  to  the  various  subdivisions.  Of 
these  six  orders  the  first  three  comprise  the  Hepaticae  and 
the  last  three  the  Musci,  as  limited  by  the  majority  of  botanical 
works ;  and  it  is  still  often  convenient  to  employ  the  terms  in 
this  general  sense. 

THE  MARCHANTIALES 

The  present  order  includes  about  half  of  the  thalloid  Bryo- 
phytes known  from  Connecticut,  and  most  of  the  species  are 
large  and  conspicuous.  Two  are  normally  aquatic,  floating  in 
ponds  or  slow  streams ;  the  others  are  all  terrestrial,  and  even 
the  aquatic  species  tend  to  become  terrestrial  through  the 
drying  up  of  the  water  in  which  they  live.  Except  in  the 
aquatic  forms  the  thallus  clings  closely  to  the  substratum, 
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sometimes  so  closely  that  it  cannot  be  separated  without  injury. 
It  develops  two  types  of  rhizoids,  both  of  which  represent 
simple  outgrowths  from  cells.  In  one  type  the  walls  are  thin 
throughout ;  in  the  other  they  bear  scattered  local  thickenings 
in  the  form  of  short  rods  which  project  into  the  lumen.  The 
rhizoids  are  all  short-lived,  and  those  of  the  first  type  simply 
anchor  the  plant  to  the  substratum ;  those  of  the  second  type, 
however,  by  means  of  capillarity,  play  a  certain  part  in  the 
process  of  absorption.  In  addition  to  the  rhizoids,  the  thallus 
often  bears  longitudinal  rows  of  delicate  scales  on  the  lower 
surface.  These  are  developed  very  early  and  arch  up  over  the 
growing  point,  thus  protecting  it  from  injury. 

The  thallus  is  more  or  less  differentiated,  and  always  shows, 
at  least  in  certain  stages  of  development,  a  distinct  epidermis, 
beneath  which  the  photosynthetic  tissue  is  situated.  The  latter 
consists  of  g^een  cells  loosely  arranged  with  intercellular  spaces 
containing  air  among  them.  In  the  higher  forms  these  cells 
are  in  distinct  air-chambers,  which  communicate  with  the  out- 
side air  by  means  of  pores  in  the  epidermis.  In  the  lower 
forms  they  simply  line  the  intercellular  spaces,  and  the  com- 
munication with  the  outside  air  is  often  less  definite.  The 
Marchantiales  are  divided  into  two  families,  the  Ricciacese  and 
the  Marchantiaceae,  which  differ  from  each  other  most 
markedly  in  the  structure  of  the  sporophyte. 

The  Ricciaceae  include  both  aquatic  and  terrestrial  species, 
and  are  usually  smaller  than  the  Marchantiacese.  The  ter- 
restrial forms  grow  in  old  fields,  along  damp  roadsides,  and 
on  the  muddy  borders  of  ponds.  The  thallus,  which  rarely 
attains  a  length  of  fifteen  millimeters,  forks  repeatedly  in 
one  plane,  thus  giving  rise  to  a  characteristic  rosette.  All  the 
New  England  species  are  annual,  developing  their  sporophytes 
in  the  autumn.  The  aquatic  Ricciaceae  are  larger  than  the 
others,  and  rarely  produce  sporophytes,  the  tips  of  the  thallus 
being  able  to  survive  the  winter.  When  they  become  ter- 
restrial, they  sometimes  assume  an  appearance  very  different 
from  their  normal  aquatic  state. 

The  archegonia  in  the  Ricciaceae  are  so  deeply  immersed 
in  the  thallus  that  only  their  necks  protrude  above  the  surface. 
In  consequence  of  this  fact  the  sporophytes  begin  their 
development  beneath  the  surface,  and  they  retain  this  position 
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until  they  are  mature.  The  sporophyte  is  much  simpler  than 
in  any  of  the  other  Bryoph3rtes  and  consists  of  a  spherical 
capsule  only,  which  absorbs  through  its  entire  surface.  The 
capsule  contains  nothing  but  spores,  and  these  are  at  first 
enclosed  by  the  capsule  wall,  consisting  of  a  single  layer  of 
cells.  As  development  advances,  this  wall  gradually  disap- 
pears, and  the  mature  spores  lie  free  within  the  calyptra.  They 
are  set  free  by  the  decay  of  the  surrounding  tissues  of  the 
gametophyte,  and  are  dispersed  largely  through  the  agency 
of  water. 

The  Marchantiaceae  are  all  terrestrial,  some  of  them  grow- 
ing on  shaded  rocks  or  in  their  crevices  and  others  on  damp  or 
wet  earth.  The  thallus  is  more  highly  diflferentiated  than 
in  the  Ricciaceae,  and  in  the  larger  species  sometimes  reaches 
a  length  of  twenty  centimeters  or  more  and  a  width  of  ten 
millimeters.  The  branching  is  normally  but  not  invariably  by 
forking.  The  New  England  species  are  more  or  less  peren- 
nial but  some  of  them  develop  sporophytes  during  the  first 
year. 

Except  in  a  few  genera  which  do  not  occur  in  the  eastern 
United  States,  the  archegonia  are  borne  on  modified  branches 
or  outgrowths  of  the  thallus  known  as  carpocephala.  These 
consist  of  two  parts,  an  apical  discoid  or  conical  expansion 
and  a  basal  cylindrical  stalk.  Sooner  or  later  the  stalk  elon- 
gates and  carries  the  expansion,  to  which  it  is  attached  in  a 
peltate  manner,  high  up  above  the  surface  of  the  thallus.  As 
the  sporophytes  mature,  they  extend  horizontally  from  the 
margin  of  the  expanded  portion  or  else  hang  downward  from 
its  lower  surface.  They  are  more  complex  than  in  the  Ric- 
ciacese  and  not  only  develop  a  capsule  with  a  persistent  wall  but 
also  a  foot  and  a  short  stalk,  although  the  line  of  demarcation 
between  the  two  latter  organs  is  not  always  dearly  defined. 
The  spore  cavity  contains  not  only  the  spores  but  also  a  large 
number  of  peculiar  bodies  known  as  elaters,  each  of  which 
consists  of  a  long  and  slender  cell  with  a  thin  cell  wall, 
strengthened  on  the  inside  by  one  or  more  spiral  bands  of 
thickening.  When  the  spores  become  mature,  the  stalk 
elongates  slightly,  the  calyptra  is  ruptured,  and  the  wall  bursts, 
either  by  means  of  irregular  valves  extending  backward  from 
the  apex,  or  else  by  a  circular  line,  which  leaves  the  basal 
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portion  of  the  capsule  wall  iji  the  form  of  a  cup.  As  the 
spores  and  elaters  become  dry,  the  latter  through  their 
elasticity  stretch  out  and  separate  the  spores.  In  this  way  the 
contents  of  the  capsule  form  a  loose  cottony  mass,  which  can 
be  easily  carried  away  by  the  wind.  In  certain  genera  the 
gametophyte  develops  a  special  protective  organ  for  the 
sporophyte  outside  the  calyptra.  This  is  usually  in  the  form 
of  a  hollow  tube  or  sheath  open  at  the  tip,  and  may  be  called 
a  pseudopefianth,  to  distinguish  it  from  a  very  similar  organ 
found  in  many  of  the  leafy  Jungermanniales. 

THE  JUNGERMANNIALES 
Both  thalloid  and  leafy  forms  are  here  represented.  All 
are  characterized  by  a  slight  degree  of  cell  differentiation  and 
by  a  lack  of  intercellular  spaces,  even  among  the  green  cells. 
The  rhizoids  are  all  essentially  alike  and  agree  with  the  first 
type  described  for  the  Marchantiales.  Their  only  function  is 
that  of  anchorage,  and  to  perform  this  more  efficiently  they 
frequently  become  lobed  or  branched  at  the  extremity.  In 
many  of  the  genera  absorption  seems  to  be  carried  on  by  all 
the  surface  cells. 

With  the  exception  of  a  very  few  primitive  types  which 
are  not  known  from  New  England,  the  sporophyte  is  practically 
uniform  throughout  the  entire  order.  It  consists  of  a  distinct 
foot,  a  stalk,  and  a  capsule,  and  it  remains  enclosed  within 
the  calyptra  until  the  spores  are  mature.  The  stalk  consists 
of  strongly  flattened  cells  arranged  in  longitudinal  rows,  and 
the  capsule,  as  in  the  Marchantiaceae,  contains  both  spores  and 
elaters.  When  the  spores  are  ready  to  be  disseminated,  the 
stalk  elongates  rapidly  through  the  lengthening  of  its  individual 
cells  and  thus  forces  the  capsule  through  the  cal)rptra.  The 
latter  is  thus  irregularly  ruptured  but  continues  to  enclose  the 
base  of  the  stalk.  The  capsule  now  raised  on  its  stalk  soon 
splits  its  wall,  usually  into  four  valves,  the  lines  of  dehiscence 
extending  from  the  apex  to  or  toward  the  base.  The  spores 
are  scattered  in  much  the  same  way  as  in  the  Marchantiaceae, 
although  the  elaters  sometimes  play  a  more  active  part  in  their 
dispersal.  The  Jungermanniales  are  also  divided  into  two 
families,  the  Metzgeriaceae  and  the  Jungermanniaceae,  the  most 
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important  differences  in  this  case  being  in  the  gametophytes. 

In  most  of  the  Metzgeriaceae  the  gametophyte  is  a  thallus, 
but  a  few  of  the  genera  show  a  more  or  less  complete  differen- 
tiation into  stem  and  leaves.  The  plants  are  usually  composed 
of  parenchyma  throughout,  but  a  few  thalloid  species  develop 
a  vtry  primitive  conducting  tissue  composed  of  elongated  cells 
with  lignified  walls.  The  archegonia  are  borne  on  the  upper 
surface  of  the  gametophyte  or  of  a  special  branch,  and  do  not 
directly  terminate  its  growth.  In  many  cases  a  protective 
structure  is  developed  outside  the  calyptra,  and  this  sometimes 
assumes  the  form  of  a  pseudoperianth  as  in  the  Marchantiacex. 

The  Jungermanniaceae  are  sometimes  called  Scale  Mosses, 
the  gametophyte  being  invariably  a  leafy  stem.  Most  of  the 
species  are  prostrate,  and  the  plants  show  a  distinct  dorsi- 
ventrality,  even  when  ascending  or  erect.  The  leaves  are 
normally  alternate  and  arranged  in  three  ranks,  two  of  which 
are  turned  toward  the  light  and  the  third  toward  the  sub- 
stratum. The  leaves  of  this  third  rank  are  called  underleaves, 
and  are  usually  much  smaller  than  the  others  and  different 
from  them  in  form.  Sometimes  they  are  so  much  reduced  in 
size  that  they  can  scarcely  be  demonstrated,  and  in  a  few 
genera  they  are  absent  altogether.  The  two  ranks  of  large 
leaves  usually  spread  out  in  such  a  way  that  the  whole  shoot 
acquires  a  strongly  flattened  appearance,  very  characteristic 
of  the  family  as  a  whole. 

The  leaves  as  a  rule  exhibit  no  cell  differentiation  whatever, 
and  are  invariably  destitute  of  midribs.  They  show,  however, 
a  great  deal  of  variation  in  form  and  in  the  way  in  which 
they  are  attached  to  the  stem.  They  are  sometimes  undivided, 
sometimes  variously  toothed,  lobed,  or  deeply  cleft;  they  are 
sometimes  developed  in  one  plane,  sometimes  variously  folded ; 
they  are  sometimes  attached  by  a  continuous  line,  sometimes 
by  two  lines  which  meet  at  an  angle.  In  a  few  genera  the 
leaves  develop  peculiar  organs,  known  as  water  sacs,  in  which 
water  may  be  temporarily  retained.  The  branches  sometimes 
show  a  differentiation  into  those  which  bear  normal  leaves 
^nd  those  which  assume  a  flagelliform  appearance,  the  leaves 
:  the  latter  case  being  strongly  reduced  or  even  absent 
together.    The  flagelliform  branches  frequently  perform  the 
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function  of  holding  the  plant  more  firmly  in  place,  and  are 
confined  to  certain  species  and  genera. 

The  archegonia  are  borne  at  the  apices  of  stems  or  of 
special  branches  and  stop  their  further  elongation.  The  leaves 
and  underleaves  which  develop  in  the  immediate  vicinity  of 
the  archegonia  are  more  or  less  modified,  and  are  designated 
bracts  and  bracteoles  respectively.  Taken  together  they  con- 
stitute the  involucre.  This  often  surrounds  the  developing 
sporophyte  and  helps  protect  it.  In  the  majority  of  the  genera, 
however,  the  gametophyte  develops  a  special  protecting  organ. 
This  usually  consists  of  a  hollow  tube,  open  at  the  top  and 
enclosed  by  the  involucre ;  and,  since  this  tube  is  theoretically 
formed  by  the  coalescence  of  modified  leaves,  it  is  called  a 
perianth,  although  it  is  not  homologous  with  the  perianth  in 
flowering  plants.  In  a  few  cases  the  fertile  branch  takes  on  a 
peculiar  growth  as  the  result  of  fertilization,  and  forms  a 
hollow  cup  around  the  sporophyte.  This  is  known  as  a 
perigynium,  and  may  be  either  pendent  or  erect.  In  the  latter 
case  the  uppermost  bracts  and  bracteoles  are  often  carried  up 
on  the  outside.  In  very  rare  instances  the  young  sporophyte 
penetrates  the  tip  of  the  fertile  branch,  which  serves  directly 
as  a  protecting  organ  without  undergoing  marked  modifica- 
tions. Under  these  circumstances  the  cal)rptra  itself  often 
fails  to  develop. 

The  Jungermanniales  are  about  nine  times  as  numerous  in 
Connecticut  as  the  Marchantiales.  Less  than  one  seventh  of 
the  recorded  species  are  Metzgeriacese,  the  others  being  all 
Jungermanniaceae.  A  few  are  more  or  less  aquatic,  either 
floating  on  the  surface  of  the  water  or  attached  to  submerged 
rocks  or  stones.  A  few  others  are  to  be  found  in  bogs  or 
swamps.  The  remainder  grow  on  rocks,  on  banks,  on  earth, 
or  on  the  trunks  of  trees,  usually  in  damp  and  shaded  localities. 
They  vary  greatly  in  size,  a  few  being  hardly  perceptible  to 
the  naked  eye,  while  others  attain  a  length  of  ten  centimeters 
'or  more.  The  sporophytes,  with  few  exceptions,  reach 
maturity  in  the  spring. 
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THE  ANTHOCEROTALES 

The  Anthocerotales  are  sometimes  called  Homworts  or 
Homed  Liverworts,  and  embrace  the  single  family  Anthocero- 
tacex.  This  includes  only  three  recognized  genera,  two  of 
which  are  represented  in  Connecticut.  In  spite  of  its  small 
size,  the  order  is  of  especial  interest  to  the  student  of  plant 
morphology  and  evolution,  because  it  probably  represents,  more 
closely  than  any  of  the  other  existing  Bryophytes,  the  ancestors 
of  the  Pteridoph3rtes.  The  northern  species  are  all  annuals, 
and  make  their  appearance  in  May  or  June  in  wet  pastures, 
along  roadsides,  or  on  wet  rocks.  Each  gametoph3rte  has 
several  sporophytes  growing  from  it;  they  begin  to  develop 
late  in  the  summer,  and  continue  irl  many  cases  until  the 
plants  are  killed  by  the  frost. 

The  gametophyte  is  a  thallus,  sometimes  bearing  irregular 
and  crispate  outg^owths^  on  the  upper  surface  or  along  the 
margin,  but  never  definitely  divided  into  stem  and  leaves.  The 
thallus  branches  by  forking,  but  the  forks  are  so  close  together 
that  it  soon  assumes  the  form  of  a  fleshy  circular  disc  with 
many  growing  points  scattered  along  the  margin.  It  ap- 
parently absorbs  throughout  its  entire  surface,  and  is  attached 
to  the  soil  by  means  of  thin- walled  rhizoids,.  similar  to  those 
of  the  first  type  in  the  Marchantiales.  The  thallus  shows  but 
a  slight  degree  of  cell  differentiation,  but  some  of  the  species 
develop  minute  intercellular  spaces,  which,  however,  may  con- 
tain slime  as  well  as  air.  The  g^een  cells  are  characterized  by 
the  presence  of  a  single  large  chloroplast  in  each.  This  is 
in  the  form  of  a  plate  with  thin  and  irregular  marges,  lying 
close  to  the  cell  wall.  Cells  of  this  type  are  found  nowhere 
else  among  the  Bryophytes,  and  probably  represent  a  primitive 
characteristic,  indicative  perhaps  of  a  distant  relationship  with 
the  green  Algae.  In  all  the  other  orders  each  green  cell  con- 
tains a  number  of  small,  disc-like  chloroplasts,  and  agrees  in 
structure  with  the  green  cells  of  the  higher  plants.  Taking 
it  as  a  whole,  the  gametophyte  in  the  Anthocerotales  is  even 
more  primitive  than  in  either  the  Ricciaceae  or  Metzgeriaceae. 
Even  the  archegonia,  although  showing  essentially  the  same 
structure  as  in  the  other  Bryophytes,  are  imbedded  in  the 
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thallus  so  that  only  the  tip  of  the  neck  protrudes.  For  this 
reason  no  true  calyptra  is  developed,  the  function  of  this  organ 
being  assumed  by  a  tubular  outgrowth  of  the  ganietoph3rte, 
which  encloses  the  base  of  the  sporophyte. 

Although   the   gametoph)rte   in   the  present   order   is   so 
simple,  the  sporoph3rte  shows  a  high  degree  of  complexity 
when  compared  with  the  preceding  groups.    It  consists  of  two 
principal  parts,  a  spherical  or  flattened  foot,  and  a  long  and 
slender  capsule,  tapering  somewhat  toward  the  apex.    No  true 
stalk  is  formed,  the  base  of  the  capsule  passing  imperceptibly 
into  an  undifferentiated  region  composed  of  embryonic  cells. 
These  continue  to  give  rise  to  new  cells,  which  gradually 
become  differentiated  into  the  permanent  tissues  of  the  capsule. 
The  presence  of  these  embryonic  cells  enables  the  sporophyte 
to  grow  indefinitely,  a  power  which  no  other  sporophytes  pos- 
sess until  the  Pteridophytes  are  reached.    On  account  of  the 
basal  position  of  the  growing  region,  the  apex  of  the  capsule 
is  the  first  part  to  mature,  and  all  stages  of  development  are  to 
be  observed  in  passing  from  the  apex  toward  the  base.  '  The 
cross  section  is  approximately  circular,  but  sometimes  two 
longitudinal  grooves  are  formed,  showing  where  the  wall  will 
eventually  split.     The  latter  is  relatively  much  thicker  than 
in   the   preceding  orders,   the   spore   cavity   being   distinctly 
smaller.    In  the  higher  forms  the  wall  is  bounded  on  the  out- 
side by  a  distinct  epidermis,  with  stomata,  and  this  encloses 
several  layers  of  green  cells  separated  by  minute  air  spaces. 
The  wall  therefore  represents  a  photos)aithetic  tissue,  compar- 
able to  the  mesophyll  in  the  higher  plants.     In  the  lower 
forms  the  wall  is  less  highly  differentiated  and  no  stomata  are 
developed.    The  center  of  the  capsule  is  occupied  by  a  slender 
but  more  or  less  clearly  defined  columella  composed  of  sterile 
cells,  and  the  spore  cavity  is  in  the  form  of  a  hollow  cylinder 
between  the  columella  and  the  capsule  wall.     The  cavity  is 
continuous  over  the  tip  of  the  columella  at  the  apex  of  the 
capsule.     It  contains  both  spores  and  elaters;  but  the  latter 
are  irregularly  and  poorly  developed  in  northern  species,  and 
do  not  develop  local  thickenings  in  their  walls.     When  the 
apex  of  fb/^cms^  is  mature,  the  wall  splits  into  two  valves, 
the  splits  gfl^^M|gMdj||g  downward  as  the  development 
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proceeds.  The  "valves,  as  they  separate,  soon  become  dry  and 
black,  and  the  columella  appears  like  a  fine  hair  projecting 
from  the  open  capsule.  The  gametophyte  covered  over  with 
sporophytes  often  presents  the  appearance  of  a  tuft  of  fine 
grass. 

The  structure  of  the  sporophyte  in  the  Anthocerotales  is  so 
peculiar  that  Howe  separated  the  order  from  the  Hepaticae 
and  made  of  it  a  distinct  subclass,  to  which  he  gave  the  name 
Anthocerotes.  He  therefore  divided  the  Bryophytes  into  three 
subclasses;  Hepaticae,  Anthocerotes,  and  Musci.  In  this 
procedure  he  is  followed,  provisionally  at  least,  by  Campbell, 
but  European  writers  continue  to  use  the  term  Hepaticse  in 
the  old  sense. 

THE  SPHAGNALES 

The  Sphagnales  or  Peat  Mosses  comprise  the  single  genus 
Sphagnum.  They  are  well  represented  in  Connecticut,  and 
include  some  of  our  largest  and  most  conspicuous  Bryophytes. 
The  peat  mosses  are  occasionally  found  on  wet  rocks  or  banks, 
but  are  most  at  home  in  bogs,  where  they  sometimes  grow  sub- 
merged but  more  frequently  rise  above  the  surface  of  the 
water.  In  favorable  localities  they  form  dense  and  extensive 
colonies.  Under  these  circumstances  the  stems  are  upright  and 
afford  one  another  mutual  support  No  rhizoids  are  developed 
except  when  the  plants  are  very  young.  The  branching  is 
always  monopodial,  the  branches  arising  in  fascicles  of  from 
three  to  eight.  The  fascicles  are  numerous,  and  the  branches 
appear  densely  crowded  at  the  tips  of  the  plants  because  the 
elongation  of  the  stem  is  at  first  very  slow.  In  older  parts 
the  fascicles  become  more  separated.  The  branches  are  of 
three  types:  —  spreading  branches,  which  remain  simple  and 
are  limited  in  growth;  pendent  branches,  which  also  remain 
simple  and  limited  in  growth,  but  which  grow  downward  close 
to  the  stem  and  form  a  sort  of  loose  covering  around  it ;  erect 
branches,  which  are  unlimited  in  growth  and  give  rise  to 
spreading  and  pendent  branches  of  their  own.  These  erect 
branches  are  only  occasionally  produced,  and,  since  they  repeat 
the  stem  in  all  respects,  apparently  arise  by  forking. 

The  leaves  are  arranged  in  five  longitudinal  rows,  although 
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this  fact  is  sometimes  difficult  to  demonstrate.  They  are  desti- 
tute of  midribs,  but  show  a  remarkable  differentiation  into  two 
kinds  of  cells :  —  green  cells,  which  remain  alive  for  a  long 
time;  and  colorless  cells,  which  soon  lose  their  living  contents 
and  become  empty.  In  the  leaves  of  the  spreading  branches 
th6  green  cells  are  united  in  such  a  way  that  they  form. a 
•loose  network,  each  mesh  of  which  is  filled  with  a  single 
large  colorless  cell.  The  latter  is  characterized  by  a  thin  wall, 
usually  with  band-like  thickenings  on  the  inside  which  keep 
it  from  collapsing,  and  by  holes  or  pores  which  place  its 
cavity  in  direct  communication  with  the  outside.  The  stems 
and  branches  are  usually  covered  over  on  the  outside  by  a 
cortex  composed  of  similar  colorless  cells;  within  this  is  a 
distinct  zone  of  sclerenchyma  enclosing  a  central  pith.  The 
tufted  habit  of  the  peat  mosses,  their  upright  stems  covered 
with  pendent  branches,  and  their  porous  hyaline  cells,  account 
for  the  ease  with  which  they  suck  up  and  retain  water.  The 
process  is  largely  due  to  capillarity. 

The  archegonia  are  borne  at  the  tips  of  branches,  and 
limit  their  growth  just  as  in  the  Jungermanniaceae.  The 
sporoph3rte  consists  of  a  spherical  capsule  and  a  broad  foot 
with  a  deep  constriction  between  them.  No  true  stalk  is 
developed.  The  calyptra  persists  until  the  spores  are  mature, 
and  is  then  irregularly  ruptured  by  the  dehiscence  of  the 
capsule.  The  latter  while  still  immature  contains  a  large 
columella  in  the  form  of  a  hemisphere.  This  is  covered  over 
at  the  apex  by  the  small  spore  cavity  in  much  the  same  way 
as  in  the  Anthocerotales,  but  the  cavity  contains  spores  only. 
The  wall  of  the  capsule  is  several  cells  thick,  the  outer  layer 
forming  a  distinct  epidermis.  Some  of  the  inner  cells  contain 
chloroplasts,  but  there  are  no  intercellular  spaces  among  them, 
and  the  epidermis  develop^  no  effective  stomata,  so  that  the 
wall  can  hardly  serve  as  a  very  useful  photosynthetic  tissue. 
When  the  spores  are  mature,  the  upper  part  of  the  archegonial 
branch  elongates  rapidly,  thus  simulating  a  stalk,  and  the 
capsule  opens  by  means  of  a  circular  split  in  the  wall,  which 
cuts  off  a  cap-like  lid.  As  the  drying  of  the  capsule  proceeds, 
the  pressure  in  the  interior  increases,  until  a  sudden  liberation 
takes  place  which  shoots  out  the  spores  together  with  the 
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lid  to  a  distance  of  ten  centimeters  or  more.    The  ripening 
and  scattering  of  the  spores  occurs  in  the  summer  months. 

THE  ANDRE.EALES 

The  present  order  contains  the  single  genus  Andreaea, 
separated  from  the  Bryales  on  account  of  the  peculiar  structure 
of  the  capsule.  The  species  are  all  small,  and  grow  in  tufts  on 
siliceous  rocks,  usually  in  mountainous  regions.  The  gameto- 
phyte  consists  of  an  upright  and  sparingly  branched  stem  bear- 
ing crowded  leaves  in  the  three-eighths  arrangement.  Except 
for  the  midrib,  which  occurs  in  certain  species  only,  the  leaves 
show  no  cell  differentiation. 

The  sporoph)rte  bears  a  certain  resemblance  to  that  of 
Sphagnum.  It  consists  of  an  oval  capsule  and  a  well-developed 
foot,  but  no  true  stalk  is  formed.  The  calyptra  is  very  delicate 
and  is  ruptured  long  before  the  spores  are  mature ;  sometimes 
it  is  carried  up  on  the  tip  of  the  capsule,  sometimes  it  remains 
at  the  base  and  the  capsule  protrudes  through  it,  very  much  as 
in  the  Jungermanniaceae.  The  capsule  contains  a  definite 
columella,  arched  over  by  the  spore  cavity  in  the  form  of  a 
hollow  cylinder,  and  is  bounded  on  the  outside  by  a  wall 
several  cells  thick.  The  wall  has  a  distinct  epidermis  without 
stomata,  and  is  probably  not  very  efficient  as  a  photosynthetic 
tissue,  although  some  of  its  cells  contain  chloroplasts.  When 
the  spores  are  mature,  the  tip  of  the  archegonial  branch  elon- 
gates rapidly,  assuming  the  function  of  a  stalk,  and  the  wall 
of  the  capsule  splits  along  four  longitudinal  lines.  These  do 
not  extend,  however,  to  the  apex,  but  they  are  sufficient  to 
expose  the  spores  and  to  allow  them  to  be  scattered  by  the 
wind.  The  capsule  usually  reaches  maturity  in  the  spring  or 
early  summer. 

THE  BRYALES 

The  Bryales,  or  True  Mosses,  constitute  the  largest  order 
of  the  Bryophytes,  and  include  about  two  thirds  of  the  Con- 
necticut species.  The  gametophyte  varies  greatly  in  size,  being 
sometimes  only  one  millimeter  long  and  sometimes  attaining 
a.  length  of  ten  centimeters  or  more.  It  always  consists  of  a 
leafy  shoot,  the  leaves  being  usually  arranged  in  more  than 


Digitized  by  VjOOQIC 


No.    II.]  THE  BRYOPHYTES  OF  CONNECTICUT.  2$ 

three  longitudinal  rows.  The  leaves  vary  in  form  from  linear 
to  orbicular,  and,  although  they  are  sometimes  toothed  or 
even  ciliate  on  the  margins,  they  are  never  deeply  lobed  or. 
divided  as  in  some  of  the  Jungermanniaceae.  Except  for  the 
midrib,  which  may  or  may  not  be  present,  the  leaves  very 
rarely  show  any  differentiation  in  their  cells.  In  prostrate 
species  the  plants  sometimes  acquire  a  dorsi-ventral  appearance, 
and  a  slight  differentiation  in  the  leaves  is  occasionally  to  be 
observed.  These  peculiarities,  however,  are  never  so  clearly 
marked  as  in  the  Jujigermanniaceae,  and  there  is  little  danger 
of  confusing  the  True  Mosses  with  the  Scale  Mosses.  The 
branching  in  the  Bryales  is  always  of  the  monopodial  type,  and 
is  often  distinctly  pinnate.  In  the  lower  forms  the  stem 
presents  a  simple  and  uniform  structure,  but  in  some  of  the 
higher  genera  it  shows  a  distinct  cell  differentiation  into 
storage,  strengthening,  and  conducting  tissues,  and  the  same 
is  sometimes  true  of  the  midribs  of  the  leaves. 

In  the  majority  of  cases  the  sporophyte  shows  a  distinct 
foot,  a  firm  stalk,  which  early  becomes  elongated,  and  a  highly 
complex  capsule.  The  calyptra  at  first  keeps  pace  with  the 
lengthening  sporophyte  but  soon  stops  growing  and  becomes 
ruptured.  In  nearly  every  case  the  line  of  rupture  is  near  the 
base,  and  the  calyptra  is  carried  up  on  the  tip  of  the  sporophyte. 
As  the  capsule  gradually  enlarges,  the  calyptra,  which  is  now 
cut  off  from  its  source*  of  food-supply,  dries  up  and  splits  in 
one  or  more  places,  so  that  it  frequently  falls  away  long  before 
the  spores  are  mature.  The  spore  cavity  occupies  a  relatively 
small  space  in  an  immature  capsule,  and  is  in  the  form  of  a 
hollow  cylinder  open  at  both  ends,  differing  in  this  respect 
from  all  the  preceding  Bryophytes.  It  encloses  a  massive 
columella,  and  is  bounded  by  a  thick  wall,  which,  in  most 
species,  represents  an  efficient  photosynthetic  tissue.  The 
outer  cell  layer  of  the  wall  forms  an  epidermis  with  stomata, 
the  latter  being  usually  restricted  to  the  base  of  the  capsule. 
The  green  cells  are  usually  arranged  in  two  more  or  less 
definite  layers,  one  surrounding  the  spore  cavity  and  the  other 
lining  the  epidermis.  These  two  layers  are  separated  by  a 
large  air  space  in  the  form  of  a  hollow  cylinder.  Stretching 
across  the  air  space  from  one  gretn  layer  to  the  other  are 
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rows  of  green  cells,  which  play  a  part  in  holding  the  central 
portion  of  the  capsule  in  place.  Of  course  the  stomata  afford 
a  communication  between  the  air  space  and  the  outside  air. 

As  the  spores  mature,  the  photos)mthetic  tissue  breaks 
down,  the  columella  shrivel?,  and  the  spores  eventually  lie 
loose  in  an  enlarged  cavity,  bounded  by  little  more  than  the 
epidermal  layer  of  the  capsule  wall.  In  a  few  of  the  simpler 
genera  the  -capsule  bursts  irregularly  at  maturity.  In  the 
majority  of  cases,  however,  it  splits  by  a  circular  line  in  the 
upper  part,  which  cuts  off  an  apical  portion,  or  lid,  from  the 
capsule  proper.  Sometimes  the  region  ot  splitting  is  marked 
by  a  row  of  modified  epidermal  cells,  called  an  annulus,  but 
this  is  not  always  developed.  The  walls  of  the  annular  cells 
have  the  power  of  absorbing  water  readily  and  swelling,  thus 
forcing  the  lid  to  separate.  After  the  lid  has  fallen  away, 
the  mouth  of  the  capsule  usually  appears  fringed  with  a  circle 
of  pointed  teeth  called  a  peristome,  and  in  many  genera  two 
peristomes  are  developed,  an  inner  and  an  outer.  The  inner 
peristome  is  always  more  delicate  than  the  outer,  and  its 
divisions,  when  present,  are  called  segments,  instead  of  teeth. 
The  segments  are  sometimes  separated  from  one  another  by 
one  or  more  delicate  hair-like  structures  known  as  cilia.  The 
peristome  plays  a  peculiar  part  in  the  scattering  of  the  spOres ; 
in  moist  weather  the  teeth  come  together  and  close  the  mouth 
of  the  capsule;  in  dry  weather  they  separate  and  allow  the 
wind  to  scatter  the  spores.  Although  the  description  just 
given  will  apply  to  the  majority  of  cases,  the  structure  of 
the  capsule  may  be  much  simpler  or  even  more  complex  than 
indicated.  Taking  the  Bryales  as  a  whole,  the  sporophyte 
shows  the  highest  type  of  development  to  be  found  in  the 
Bryophytes.  It  does  not,  however,  show  unlimited  growth, 
the  entire  capsule  maturing  at  the  same  time,  and  in  this 
respect  it  is  surpassed  by  the  Anthocerotales. 

The  Bryales  are  divided  by  Brotherus  into  more  than  forty 
families,  about  half  of  which  are  represented  in  Connecticut. 
These  are  based  on  the  general  habit  and  structure  of  the 
gametoph)rte  and  on  the  peculiarities  of  the  capsule,  many  of 
the  most  important  characters  being  derived  from  the 
peristome.     The  species   flourish   best  in  moist  and   shaded 
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localities,  and  are  often  found  in  company  with  the  Jungerman- 
niales.  Quite  a  number  of  them,  however,  are  able  to  live  in 
much  drier  localities,  such  as  exposed  rocks  and  sandy  fields. 
Of  the  Connecticut  species  a  few  are  annual  but  the  majority 
are  perennial.  Most  of  them  mature  their  spores  in  the  fall 
or  early  winter,  and  the  others  in  the  spring  or  early  summer. 
During  the  hot  days  of  July,  August,  and  September,  many  of 
the  mosses  become  completely  dried  up,  and  their  vegetative 
activities  are  interrupted.  Even  under  favorable  conditions 
for  growth  it  is  very  unusual  to  find  perfect  capsules  at  this 
season  of  the  year. 

HISTORY   OF   BRYOLOGY   IN    CONNECTICUT 

The  first  systematic  collections  of  Bryophytes  in  Con- 
necticut were  made  by  Daniel  C.  Eaton,  Professor  of  Botany  in 
Yale  University  from  1864  until  1895,  the  year  of  his  death. 
Professor  Eaton  was  a  member  of  the  class  of  1857,  Yale 
College,  and  began  his  bryological  studies  while  still  an  under- 
graduate. From  the  very  outset  he  enjoyed  the  privilege  of 
corresponding  with  W.  S.  SuUivant,  of  Columbus,  Ohio,  at 
that  time  the  leading  authority  on  North  American  Mosses 
and  Hepatics,  and  this  correspondence  was  continued  until 
SuUivant's  death  in  1864.  During  this  period  many  doubtful 
Connecticut  specimens  were  sent  for  comment  or  determina- 
tion, among  them  being  a  sterile  Fobtinalis  collected  near  New 
Haven.  This  specimen  is  apparently  the  first  Connecticut 
Bryophyte  which  is  definitely  mentioned  in  the  literature.  It 
was  first  referred  to  F.  biformis  SuUiv.,  and  is  listed  under 
this  name  in  the  "  Musci  and  Hepaticae  of  the  United  States," 
originally  written  by  Sullivant  for  the  second  edition  of  Gray's 
"  Manual  of  Botany,"  published  in  1856,  but  reprinted  the 
same  year  as  a  separate  work  under  the  above  title.  F.  biformis 
was  based  on  Ohio  specimens,  and  according  to  our  present 
knowledge  is  restricted  to  the  region  of  the  Great  Lakes.  It 
was  soon  discovered  therefore  that  the  Connecticut  material 
had  been  incorrectly  determined.  Sullivant  hastened  to  call 
attention  to  this  fact  in  the  "  Additions  and  Corrections  "  to 
his  "  Musci  and  Hepaticae,"  which  appear  in  the  separate 
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edition,  but  are  not  included  in  the  "  Manual."  The  Con- 
necticut Fontinalis  is  here  transferred  to  F,  Novce  Anglia 
Sulliv.y  a  species  proposed  as  new  and  based  on  material  from 
several  stations  in  southern  New  England.  Eight  years  after- 
ward, in  his  "  Icones  Muscorum,"  SuUivant  accredited  to  Con- 
necticut a  second  species  of  Moss,  Grimmia  Olneyi  SuUiv., 
originally  described  from  Rhode  Island  material. 

About  the  time  of  SuUivant's  death,  Professor  Eaton  began 
a  correspondence  with  the  late  C.  F.  Austin,  of  Closter,  New 
Jersey,  who  published  many  short  papers  on  Bryophytes  be- 
tween 1863  and  1880.  Austin  was  even  more  interested  in 
the  Hepaticae  than  in  the  Mosses,  and  much  of  our  present 
knowledge  of  this  group  of  plants  is  based  on  his  studies. 
In  1873  he  issued  his  "  Hepaticae  Boreali-Americanae,"  the  first 
set  of  exsiccatae  devoted  exclusively  to  North  American 
Hepatics.  For  this  publication  Professor  Eaton  supplied  a 
portion  of  the  material  distributed  under  No.  115,  as  Aneura 
pinnati/ida  Nees,  now  known  as  Riccardia  sinuata  (Dicks.) 
Trevis.,  and  this  is  apparently  the  first  published  reference  to 
a  Connecticut  Hepatic,  the  specimens  being  recorded  from 
near  New  Haven. 

With  the  exception  of  these  scattered  notes  nothing  of  im-* 
portance  seems  to  have  been  published  on  Connecticut  Bryo- 
phytes until  1878,  although  a  large  collection  was  gradually 
being  accumulated.  In  this  year  the  Berzelius  Society  of  the 
Sheffield  Scientific  School  printed  "  A  Catalogue  of  the  Flow- 
ering Plants  and  Higher  Cryptogams  growing  without  cultiva- 
tion within  thirty  miles  of  Yale  College."  This  catalogue  in- 
cludes not  only  the  Acrogens,  or  Pteridophytes,  but  also  the 
Anogens,  or  Bryophytes,  differing  in  this  respect  from  the 
majority  of  local  lists.  The  account  of  the  Anogens,  in  which 
170  Mosses  and  54  Hepatics  are  enumerated,  was  prepared  by 
Professor  Eaton,  and  forms  one  of  his  most  important  contri- 
butions to  the  literature  of  bryology.  The  common  and  widely 
distributed  species  are  listed  by  name  only,  but  definite  stations 
are  g^ven  for  the  rarer  species,  and  frequently  the  names  of  the 
collectors  also  are  mentioned.  Although  Professor  Eaton's 
own  name  appears  but  rarely,  it  is  evident  from  his  herbarium 
that  he  had  found  most  of  the  species  listed.    Mr.  J.  A.  Allen 
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is  quoted  for  a  number  of  the  most  interesting  species,  and 
Professor  O.  D.  Allen,  Mr.  A.  Barron,  Mr.  E.  E.  Brewster, 
Mr.  W.  T.  Browne,  Mr.  N.  Coleman,  Dr.  F.  W.  Hall,  Dr. 
G.  R.  Kleeberger,  Mr.  F.  N.  Pease,  Mr.  R.  Veitch,  and  Mr. 
A.  H.  Young  are  also  mentioned  as  collectors.  The  Berzelius 
List  has  of  course  served  as  a  basis  ior  subsequent  work  on 
Connecticut  Bryophytes,  but  no  publication  on  the  entire 
group,  dealing  with  either  the  whole  or  a  part  of  the  state, 
has  since  appeared. 

During  the  last  thirty  years,  however,  the  Mosses  and 
Hepatics  have  by  no  means  been  neglected,  and  many  ad- 
ditional species  have  been  detected  within  the  state.  Several  of 
these  were  found  by  Professor  Eaton  himself,  who  continued 
his  active  interest  in  bryology  throughout  his  life.  Others 
were  collected  by  Mr.  J.  A.  Allen,  including  a  number  of  rare 
and  minute  species  which  have  not  been  rediscovered  by  later 
observers.  Still  others  were  found  by  more  recent  students 
of  Professor  Eaton,  Mr.  E.  B.  Harger,  Professor  W.  A. 
Setchell,  and  Dr.  C.  B.  Graves  being  among  the  number. 
During  the  last  decade  some  of  the  most  interesting  additions 
have  been  made  by  Mrs.  Josephine  D.  Lowe  and  Miss  Annie 
Lorenz,  and  the  authors  of  the  present  catalogue  have  also 
had  a  share  in  swelling  the  list  of  Connecticut  Bryophytes. 

In  spite  of  this  active  collecting  very  little  has  been  pub- 
lished on  the  true  Mosses  (Bryales)  of  Connecticut  since  the 
Berzelius  List.  A  search  through  the  scattered  literature  has 
brought  to  light  less  than  a  dozen  species  which  are  actually 
additions.  Among  the  more  important  of  these  are  the  follow- 
ing:—  Thuidium  Alleni  Aust.,  described  from  sterile  speci- 
mens collected  by  Mr.  J.  A.  Allen  in  Beaver  Meadows,  near 
New  Haven;  the  rare  Claopodium  pellucinerve  (Mitt.)  Best, 
collected  by  Mrs.  Lowe  at  Noroton  in  the  town  of  Darien,  and 
reported  upon  by  Miss  Harriet  Wheeler;  and  Anacamptodon 
splachnoides  Brid.,  first  recorded  by  Mrs.  Lowe  from  Bum- 
side,  in  the  town  of  East  Hartford.  As  the  present  report 
shows,  the  number  of  known  species  is  now  245.  This  does 
not  include  the  two  species  of  Andreaea  discovered  by  Mr.  J. 
A.  Allen,  which  of  course  belong  to  a  different  natural  order 
(Andreaeales).      For   the    "  Musci    Americae    Septentrionalis 
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Exsiccati,"  issued  by  Renauld  and  Cardot  during  the  last 
fifteen  years.  Professor  Eaton  supplied  a  number  of  species 
from  Connecticut,  and  these  will  be  especially  indicated  in 
the  list  which  follows. 

The  Peat  Mosses  (Sphagnales)  and  the  Hepaticae  have 
received  rather  more  attention  than  the  True  Mosses,  and  the 
majority  of  the  additions  which  have  been  made  in  these  two 
groups.have  already  been  recorded.  In  the  Berzelius  List  only 
three  species  of  Sphagnum  are  included.  About  1890,  how- 
ever, Professor  Eaton  and  the  senior  writer  began  to  collect 
these  interesting  plants  systematically,  and  to  submit  specimens 
to  Dr.  C.  Wamstorf,  then  of  Neuruppin,  Germany,  for  deter- 
mination. In  this  way  the  number  of  known  species  was 
markedly  increased.  In  1892  Wamstorf  described  as  new, 
under  the  name  5*.  dasyphyllum,  a  species  from  East  Haven, 
which  is  still  known  from  this  locality  only.  In  1893  Professor 
Eaton  published  his  "  Check-List  of  North  American 
Sphagna,"  indicating  the  geographical  distribution  of  each 
species,  so  far  as  known  at  that  time.  Although  Connecticut 
is  included  in  several  of  the  wider  ranges,  only  five  species  are 
definitely  recorded  from  the  state,  all  of  these  being  additions 
to  the  Berzelius  Catalogue.  The  check-list  was  prepared  for 
the  convenience  and  guidance  of  Professor  Eaton  and  Mr. 
Edwin  Faxon,  of  Maiden,  Massachusetts,  who  were  collecting 
sets  of  North  American  species  for  distribution.  These  sejs 
were  issued  in  1896  by  Dr.  George  F.  Eaton,  under  the  title 
"  Sphagna  Boreali- Americana  Exsiccata,"  and  constitute  the 
only  published  exsiccatae  devoted  exclusively  to  North 
American  Peat  Mosses.  They  include  twenty-nine  numbers 
from  Connecticut,  representing  fourteen  species.  Three 
species  from  the  state  had  already  been  distributed  by  Wam- 
storf, in  the  fourth  series  of  his  "  Europaeische  Torfmoose." 
In  1906  Andrews  listed  nineteen  species  of  Sphagnum  from 
Connecticut,  and  twelve  additional  species  have  been  recently 
determined  by  Wamstorf  from  Connecticut  specimens,  so  that 
thirty-one  species  in  all  are  now  known. 

Since  the  publication  of  the  Berzelius  List  the  number  of 
known  species  of  Hepaticae  within  the  state  has  been  almost 
doubled.     The   seven   following   species,   occurring  in   Con- 
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necticut,  have  been  described  as  new:  Calypogeia  tenuis 
(Aust.)  Evans,  Diplophylleia  apiculQta  Evans,  FruUania  Brit- 
tonics  Evans,  Jungermannia  Novce-CcesarecB  Evans,  Lepidozia 
sphagnicola  Evans,  L,  sylvatica  Evans,  and  Plagiochila  Sul- 
livantii  Gottsche.  Unfortunately  two  of  these  have  since  been 
reduced  to  s)aionymy,  Jungermannia  NovcB-Ccesarea  being  now 
considered  a  form  of  Lophozia  marchica  (Nees)  Steph.,  and 
Lepidozia  sphagnicola  being  included  tinder  L.  setacea  (Web.) 
Mitt.  Many  other  additions  to  the  hepatic  flora  of  the  state 
have  been  recorded  in  a  series  of  "  Notes  on  New  England 
Hepaticae,"  and  in  a  "  Preliminary  List,"  both  published  by 
the  senior  writer  in  Rhodora.  It  should  be  noted,  however, 
that  the  earliest  references  to  Riccia  arvensis  Aust.  and  Mylia 
anomala  (Hook.)  S.  F.  Gray  are  to  be  found  in  the  writings 
of  Professor*  L.  M.  Underwood,  and  that  Dr.  M.  A.  Howe  was 
the  first  to  report  Porella  rivularis  (Nees)  Trevis.  and 
Anthoceros  punctatus  L.  Fifteen  species  of  Connecticut 
Hepaticae  and  Anthocerotes  have  been  distributed  in  Under- 
wood and  Cook's  "  Hepaticae  Americanae,"  all  of  which  are 
indicated  below.  Several  other  species  are  included  in  the  first 
two  decades  of  the  "American  Hepaticae,"  recently  issued 
by  Miss  Caroline  C.  Haynes. 

The  bryophytic  flora  of  Connecticut  is  perhaps  as  well 
known  as  that  of  any  equal  area  in  North  America,  but  the 
region  has  not  yet  been  so  intensively  studied  as  certain  parts 
of  Europe.  This  is  due  partly  to  the  fact  that  here,  as  in  other 
groups,  common  species  have  been  largely  neglected  by  col- 
lectors, and  are  therefore  less  fully  represented  in  our  herbaria 
than  some  of  the  rarer  and  more  local  species.  The  attempt 
has  been  made  of  late  to  collect  even  the  commonest  species 
more  systematically,  but  much  still  remains  to  be  done,  and 
many  parts  of  the  state  still  remain  to  be  explored  before  our 
knowledge  can  be  considered  at  all  complete.  This  is  especially 
true  of  the  towns  in  the  eastern  and  northeastern  counties. 
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DISTRIBUTION  OF  THE  BRYOPHYTES  IN  CON- 
NECTICUT ACCORDING  TO  ENVIRONMENT 

Even  to  the  casual  observer  it  is  evident  that  the  character 
of  the  vegetation  which  clothes  the  surface  of  the  earth  varies 
greatly  under  different  conditions.  There  is  a  marked  con- 
trast, for  example,  between  the  impenetrable  tangle  of  a 
tropical  jungle  with  its  wide  diversity  of  species,  and  the 
northern  spruce  forests  which  are  relatively  open  and  are  made 
up  of  comparatively  few  species.  The  vegetation  at  the  sum- 
mit of  Mount  Washington  is  scant  and  limited  to  shrubby 
and  herbaceous  plants,  while  the  valleys  but  a  few  thousand 
feet  below  are  heavily  wooded.  Ordinary  land  plants  differ 
strikingly  in  appearance  from  seaweeds  and  other  submerged 
aquatics. 

These  are  perhaps  extreme  illustrations,  but  innimierable 
examples  of  this  adaptation  to  environments  which  are  less 
diverse  may  be  seen  everywhere.  The  vegetation  in  an  open 
field  presents  a  decided  contrast  to  that  of  a  pine  grove  but 
a  few  hundred  yards  distant,  while  the  flora  in  a  bog  is  totally 
different  from  that  in  a  meadow. 

It  may  be  stated  as  a  general  rule  that  every  plant  is  best 
adapted  to  a  peculiar  environment,  and  that  for  every  species 
there  are  certain  more  or  less  well  defined  limits  outside  of 
which  it  cannot  exist.  What  is  true  of  the  higher  plants  applies 
even  more  forcibly  ta  the  Mosses  and  Hepatics,  for,  as  Les- 
quereux  remarks,  "  these  humble  and  apparently  useless  beings 
have  their  geological  and  lithological  preferences  far  better 
marked  than  any  other  kind  of  vegetable."* 

The  factors  which  produce  this  environment  and  determine 
these*  limits  are  numerous,  but  the  following  are  the  most 
important: 


i: 

Latitude. 

II. 

Altitude. 

III. 

Character  of  the  substratum, 

IV. 

Intensity  of  the  light 

V. 

Water  supply. 

•Quoted  by  Mohr:  Plant  Life  of  Alabama.    Contr.  U.  S.  Nat.  Herb.,  6: 193.  zgoz. 
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In  treating  an  area  such  as  the  continent  of  North  America, 
where  all  gradations  from  an  arctic  to  a  tropical  climate  are 
*  encountered,  the  first  of  these  factors  bears  an  important 
relationship  to  the  character  of  the  vegetation.  Many  Bryo- 
phytes  are  exclusively  northern  in  their  range,  while  others 
are  restricted  to  tropical  regions.  A  comparatively  small 
number  are  found  from  the  arctic  regions  to  the  equator.  In 
considering  the  Mosses  and  Hepatics  of  Connecticut,  however, 
latitude  is  of  relatively  little  importance. 

In  the  same  way  the  second  factor  may  be  disregarded, 
since  nowhere  in  the  state  are  the  differences  in  altitude  suf- 
ficient to  produce  any  appreciable  climatic  effect. 

To  a  certain  extent  the  nature  of  the  substratum  determines 
the  character  of  the  bryoph)rtic  flora,  and  various  societies 
might  be  defined  from  this  point  of  view,  as,  for  example,  the 
following:  —  species  growing  on  rocks;  species  growing  on 
soil ;  species  growing  on  living  trees ;  species  growing  on  dead 
trees,  rotten  wood,  etc.  Yet  the  boundaries  between  such 
societies  are  often  vague,  since  many  species  flourish  equally 
well  on  a  variety  of  substrata. 

Except  in  the  northwestern  part  of  Connecticut,  it  is  prob- 
able that  the  actual  chemical  composition  of  the  rocks  and  soil 
has  very  little  direct  effect  upon  the  character  of  the  vegeta- 
tion. Indirectly,  however,  the  structure  of  the  underlying 
rocks  is  an  important  factor,  as  may  be  seen  by  considering 
the  geography  of  the  state. 

"  The  state  of  Connecticut  is  naturally  divided  into  three 
areas,  the  Eastern  Highland,  the  Western  Highland,  and  the 
Central  Lowland.  The  Central  Lowland  may  be  further 
divided  into  a  central  .range  of  hills  and  an  eastern  and  a 
western  valley."*  The  sedimentaries  in  the  valleys  with  the . 
overlying  drift  tend  to  produce  a  more  or  less  level  surface, 
which  is  interrupted  only  by  a  few  ravines  and  by  occasional 
bogs.  For  the  most  part  this  area  is  under  cultivation,  but, 
although  favorable  for  agriculture,  it  does  not  present  condi- 
tions conducive  to  an  extensive  bryophytic  flora.  In  marked 
contrast  to  this  uniform  area  are  the  trap  ridges  which  rise 

*Rice  and  Gregory:  Manual  of  the  Geology  of  Connecticut.    Conn.  Geol.  A 
Nat  Hist.  Surv.,  Bull.  6,  p.  17.    1906. 
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abruptly  to  a  height  of  several  hundred  feet  above  the  sur- 
rounding plain.  Geologically,  these  ridges  are  a  part  of  the 
Central  Lowland.  From  an  ecological  standpoint,  however, 
they  conform  with  the  Highlands.  The  Eastern  and  Western 
Highlands  are  made  up  for  the  most  part  of  a  complex  series 
of  crystalline  rocks  —  gneisses,  schists,  and  granites.  The 
forces  of  erosion,  acting  on  these,  have  produced  an  uneven 
and  rugged  topography.  Like  the  trap  ridges,  this  region  is 
well  wooded,  and,  while  on  the  whole  unsuitable  for  agriculture, 
it  exhibits  a  diversity  of  conditions,  and  is  characterized  by  a 
rich  bryophytic  flora. 

From  a  bryological  standpoint,  the  most  interesting  isolated 
formation  in  the  state  is  the  Stockbridge  limestone,  which 
covers  the  greater  part  of  the  towns  of  Salisbury  and  Canaan, 
extending  southward  through  the  Housatonic  Valley  more  or 
less  continuously  to  RIdgefield.  A  few  species  grow  in  this 
repon  which  have  been  collected  nowhere  else  in  the  state, 
viz. : 

Lophozia  Muelleri  Amblystegiella  confervoides 

Barbula  fallax  Amblystegium  noterophilum 

Thuidium  ahietinum  Cratoneuron  filicinum 

Other  species  occur  here  which,  although  characteristic  of 
limestone  regions,  are  found  in  other  localities  growing  on 
serpentine  or  other  rocks,  e.  g.: 

Preissia  quadrata  Scelania  glaucescens 

Frullania  riparia  Hymenostylium  curvirostre 

Fissidens  cristatus         Myurella  gracilis 
Chrysohypnutn  stellatum 

The  distribution  of  the  Bryophytes  is  somewhat  restricted 
and  frequently  the  habit  of  the  individual  plant  greatly  modified 
by  differences  of  light  and  shade.  In  a  general  way  two 
rather  broadly  defined  classes  may  be  recognized :  light-loving, 
and  shade-loving  Bryophytes.  In  the  first  of  these  classes 
may  be  placed  such  species  as  — 

Riccia  arvensis  Tortula  papulosa 

Frullania  eboracensis     Bryum  argenteum 
Anthoceros  levis  Thelia  Lescurii 
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In  the  latter  and  by  far  the  larger  group  should  be  placed 
such  species  as  — 

Metzgeria  conjugata  Leucobryum  glaucum 

Plagiochila  asplenioides      Stereodon  curvifolius 
Bazzania  trilobata  Thamnium  alleghaniense 

Yet,  however  much  the  preceding  factors  affect  the  distribu- 
tion of  the  Mosses  and  Hepatics,  the  problem  is  eventually 
reduced  to  another  factor,  viz.,  the  amount,  nature  and  con- 
tinuity of  the  water  supply.  Many  species  grow  only  on  dry, 
exposed  rocks,  while  to  others  the  presence  of  free  surface- 
water  is  essential.  Some  of  the  latter  grow  only  in  standing 
or  slowly  moving  water,  others  are  always  found  in  rapidly 
flowing  streams.  But  the  majority  of  the  Bryoph)rtes  thrive 
in  an  environment  where  they  are  not  subjected  to  prolonged 
periods  of  drought  or  inundation. 

Taking  the  requirements  with  regard  to  water  as  a  basis. 
Warming*  recognizes  four  groups  of  plants : 

I.  Xerophytes  :  plants  which  grow  on  rocks,  or  on  soil 
which  contains,  at  least  during  the  greater  part  of  the  year,  a 
very  small  amount  of  water. 

II.  Mesophytes:  plants  adapted  to  soil  containing  a 
moderate  amount  of  water. 

III.  Hydrophytes  :  plants  which  are  completely  or  partly 
submerged,  or  which  grow  in  very  wet  soil. 

IV.  Halophytes:  plants  which  are  adapted  to  a  saline 
soil. 

Considerable  attention  has  been  given  to  the  ecological 
relationships  of  the  higher  plants,  and  several  authors  have 
attempted  to  classify  the  Bryophytes  with  respect  to  their 
habitats.  Warnstorff,  however,  was  the  first  to  adapt 
Warming's  classification  to  the  group. 

Among  the  Bryophytes  there  are  no  true  halophytes.     Fol- 
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well  defined,  and  of  these  groups  the  species  given  below  may 
be  considered  typical  members : — 

Xerophytes. 

I.  Plants  growing  on  exposed  rocks  with  little  or  no  earth 
covering  —  trap  ledges,  stone  walls,  bowlders,  etc. 

FruUania  Asagrayana  Grimmia  Olneyi 

Andreaa  Rothii  Ulota  Hutchinsup 

Hedwigia  albicans 

2  Plants  growing  on  living  trees  in  the  open  or  in  the 
woods. 

Frullania  eboracensis  Drummondia  clavellata 

Orthotrichum  ohioense  Leucodon  julaceus 

Thelia  hirtella 

3.     Plants  growing  on  earth,  or  on  rocks  with  a  thin  earth 
covering  in  fields  and  along  roadsides  or  in  dry  woods. 
Nardia  crenulata  Pogonatum  tenue 

Diplophylleia  apkulata  Thelia  Lescurii 

Physcomitrium  turbinatum    Rhynchostegium  serrulatum 

Mesophytes  —  for  the  most  part  shade-loving  plants,  but 
frequently  found  in  the  open  on  the  borders  of  brooks, 
in  meadows,  etc. 

1.  Plants  growing  on  the  surface  or  in  the  crevices  of 
cliffs  and  steep  rocks. 

Reboulia  hemisphcerica  Rhabdoweisia  denticulata 

Leucolejeunea  clypeata  Didymodon  rubellus 

Hymenostylium  curvirostre 

2.  Plants  growing  on  soil  or  humus,  on  flat  earth-covered 
rocks,  on  the  roots  and  at  the  base  of  trees,  or  on  decaying 
logs  and  stumps  in  wet  woods. 

Lophocolea  heterophylla        Polytrichum  ohioense 
Ptilidiutn  pulcherrimum        Ptiliutn  Crista-Castrensis 
Timtnia  cucullata  Climacium  americanum 
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Hydrophytes. 

1.  Plants  growing  in  more  or  less  wooded  swamps. 

a.  On  the  ground. 

Trkhocolea  tomentella  Brachythecium  Novce-AngHa 
Elodium  pdudosum        Calliergon  cordifolium 

b.  On  sticks  and  bushes. 

Dkhelyma  capillaceum 

2.  Plants  growing  on  wet  or  dripping  rocks  in  streams 
and  ravines.  • 

Riccardia  sinuata  Eurynchium  rusciforme 

Jubula  pennsylvanica  Amblystegium  Lescurii 

Thamnium  alleghaniense 

3.  Plants  growing  in  open  bogs,  especially  peat  bogs,  and 
usually  forming  compact  masses  of  vegetation. 

Lepidozia  setae ea  Sphagnum  (most  species) 

Scapania  irrigua  Acrocladium  cuspidatum 

.  Drepanocladus  aduncus 

4.  Plants  submerged  or  floating  in  the  water. 
Ricciella  fluitans  Sphagnum  obesum 
Ricciocarpus  natans  Octodiceras  Julianum 
Porella  pinnata                      Fontinalis  Lescurii 

ECONOMIC   VALUE   OF   THE   BRYOPHYTES 

Although  the  majority  of  the  Bryophytes  are  of  small  size 
when  compared  with  the  seed-bearing  plants,  they  often  form 
dense  and  extensive  colonies  and  thus  constitute  a  conspicuous 
feature  of  the  landscape.  This  is  especially  true  in  mountain- 
ous and  northern  regions,  where  woody  plants  are  stunted  in 
growth  and  occur  more  sparingly  than  under  more  favorable 
climatic  conditions.  Even  in  Connecticut,  however,  where  the 
higher  plants  exhibit  a  vigorous  development,  the  Sphagnales 
and  certain  of  the  other  Bryophytes  are  often  abundant  enough 
to  attract  the  attention  of  the  ordinary  observer. 

On  account  of  the  tufted  habit  of  so  many  species  and  the 
power  which  they  possess  of  absorbing  and  retaining  water. 
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they  exercise  a  mariced  influence  on  both  agriculture  and 
forestry.  Their  importance  from  this  point  of  view,  which  is 
only  beginnfng  to  be  appreciated,  has  been  clearly  demonstrated 
by  Georg  Roth.*  According  to  this  author,  the  mosses  tend 
to  diminish  floods  and  to  reduce  the  gullying  of  the  soil,  at 
the  same  time  preserving  its  porosity.  They  are  also  of  valu^ 
in  adding  to  the  richness  of  the  soil  through  their  decay  and 
in  assisting  in  the  disintegration  of  rocks.  The  Sphagnales, 
through  their  peculiar  place  and  habit  of  growth,  are  active 
in  converting  lakes  and  ponds  into  bogs,  which  afford  a  foot- 
hold for  higher  plants  acnd  eventually  yield  a  serviceable  soil. 

From  a  commercial  standpoint  the  Sphagnales  are  by  far 
the  most  important  of  the  Bryophytes.  In  countries  where 
they  are  abundant  they  yield  the  best  quality  of  peat.  This 
is  produced  by  the  death  of  the  older  portions  of  the  Peat 
Mosses,  the  living  stems  continuing  their  upward  growth 
indefinitely.  As  the  dead  layer  becomes  thicker,  it  becomes 
more  and  more  compressed,  and  finally  forms  a  firm  and  com- 
pact mass  at  the  bottom  of  the  bog.  This  mass  is  cut  into 
bricks,  which  are  dried  and  constitute  the  peat  of  commerce. 
Of  course  the  chief  use  of  peat  as  a  fuel  is '  for  domestic 
purposes.  In  certain  localities,  however,  it  is  charred  and  then 
used  in  steel  and  copper  mills,  where  its  purity  from  foreign 
substances  and  its  power  to  produce  an  intense  heat  make  it 
especially  effective. 

The  Peat  Mosses  are  also  useful  as  a  packing  substance. 
In  a  dry  form  they  are  sometimes  employed  as  a  filling  for 
pijlows  and  mattresses,  especially  those  used  by  invalids.  They 
may  also  be  wrapped  around  steam  pipes  or  packed  in  the 
walls  of  houses,  where  they  act  as  a  non-conducting  sub- 
stance. In  a  moist  form  they  are  being  more  and  more  used 
by  gardeners  and  florists  as  a  packing  material  for  vegetables 
and  other  cultivated  plants.  Owing  to  their  great  power  of 
absorption.  Peat  Mosses  are  sometimes  substituted  for  straw 
in  stables,  and  they  have  also  been  employed  to  a  limited  extent 
in  surgical  dressings.  The  same  peculiarity  makes  it  possible 
to  use  them  for  lamp-wicks  in  the  far  north. 


*Die  enropAischen  LaubmooM.    1:62-77.    Leipzis:,  zgos* 
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A  few  of  the  Bryales  constitute  a  secondary  source  of  peat, 
and  others  are  used  as  a  packing  material  but  to  much  less 
extent  than  the  Peat  Mosses.  Some  of  the  large  species, 
when  dried  without  pressure  and  dyed,  form  a  component  part 
of  decorative  wreaths  and  cords,  which  are  made  use  of  more 
especially  by  milliners.  The  stiff  and  wiry  stems  of  Poly- 
trichum  commune  have  also  been  employed  instead  of  bristles 
in  the  manufacture  of  brushes.  Among  the  Marchantialesthe 
only  species  which  have  ever  been  used  for  practical  purposes 
are  Marchantia  polymorpHa  and  Conocephalum  conicum.  These 
were  formerly  prescribed  in  affections  of  the  liver,  but  it  is 
doubtful  if  they  possess  any  true  therapeutic  properties.  Except 
for  the  fact  that  a  few  of  the  Jungermanniales  have  been 
used  in  the  tropics  as  a  packing  material  for  living  plants, 
the  remaining  orders  of  the  Bryophytes  have  been  put  to  no 
practical  uses  whatever. 

CATALOGUE  OF  CONNECTICUT  BRYOPHYTES 

The  following  catalogue  records  the  distribution  of  the 
Bryophytes  of  Connecticut,  so  far  as  known  to  the  writers. 
Under  each  species  the  characteristic  environment  and  often  the 
time  of  fruiting  are  given,  together  with  the  known  localities 
for  the  state.  These  are  arranged  alphabetically  by  towns 
under  the  counties,  the  latter  being  given  in  the  following 
order:  Litchfield,  Hartford,  Tolland,  Windham,  Fairfield, 
New  Haven,  Middlesex,  New  London.  The  names  of  the 
collectors  are  also  noted,  but  the  only  date  mentioned  is  that 
of  the  earliest  known  collection.  In  case  two  or  more  persons 
have  found  the  same  species  in  the  same  township,  the  one 
who  collected  it  first  is  the  only  one  alluded  to.  The  local 
distribution  is  followed  by  brief  notes  regarding  the  known 
distribution  in  North  America  and  in  other  parts  of  the  world. 
For  the  sake  of  completeness  attention  is  also  called  to  Con- 
necticut specimens  which  have  been  distributed  in  exsiccatae 
and  to  references  in  the  scattered  literature  of  bryology  which 
relate  directly  to  Connecticut  plants.  The  numbers  following 
the  authors'  names  in  these  references  correspond  with  the 
list  and  page  numbers  in  the  bibliography. 
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The  genera,  where  represented  by  more  than  a  smgle 
species,  are  supplied  with  artificial  keys  to  the  species,  and  the 
orders  or  families  are  supplied  with  similar  keys  to  the  genera. 
The  arrangement  followed  is  in  most  respects  like  that  given 
in  Engler  &  Prantl's  "  Die  naturlichen  Pflanzenfamilien." 
Since,  however,  the  treatment  of  the  Bryales  in  this  work  is 
still  incomplete,  the  hypnoid  Mosses  are  largely  arranged  ac- 
cording to  Wamstorf  in  the  second  volume  of  the  "  Kryptoga- 
menflora  der  Mark  Brandenburg."  Wamstorf  is  also  followed 
in  the  position  of  the  Polytrichaceae  and  allied  families.  These 
apparently  represent  the  most  highly  developed  members  of 
the  Bryophytes,  and  it  is  therefore  most  logical  to  place  them 
at  the  conclusion  of  the  series. 

[Subclass  Hepaticae] 
ORDER  MARCHANTIALES 

FAMILY  RICCIACE^ 

1.  Terrestrial;  green  cells  in  rows  at  right  angles*  to  the 

upper  surface  of  the  thallus,  enclosing  air  spaces  in  the 

form  of  narrow  canals;  epidermis  without  pores Riccia 

Terrestrial  or  aquatic;  green  cells  in  layers  one  cell  thick, 
separating  the  irregular  air  spaces  from  one  another..       2 

2.  Epidermis  without  pores,  sometimes  becoming  irregularly 

ruptured  with  age Ricciella 

Epidermis  with  distinct  pores,  not  becoming  ruptured  with 
age Ricciocarpus 

Riccia  (Mich.)  L. 

Riccia  arvensis  Aust. 

Cultivated  fields  and  margins  of  ponds.  Autumn.  Hart- 
ford: Hartford,  Harger,  New  Haven:  Orange  (1892), 
Evans,     Middlesex:  Middlefield,  Evans. 

Ontario  to  Maryland. 

Exsic.    Miss  Haynes,  Amer.  Hep.  No.  2. 

Ref.    Evans,  28,  170.    Underwood,  74,  278;  76,  4. 

Ricciella  A.  Br. 

I.  Capsules  rupturing  on  the  upper  surface  of  the  thallus; 
epidermis  soon  breaking  down  and  leaving  the  sponge- 
like green  tissue  exposed R.  crystallina 

Capsules   rupturing  on  the   lower  surface   of  the   thallus      2 
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2.    Aquatic,   or   rooting   on   wet   mud;    epidcrn.is    persistent 

R«  fluitans 
Terrestrial;  epidermis  eventually  breaking  down  R.  SuUivantii 

Ricciella  cr3rstallina,  (L.)  Wamst.     Riccia  crystallina  L. 

On  mud,  .often  growing  on  margins  of  ponds.  Autumn. 
New  Haven:  Oxford  (1898),  tiarger. 

Connecticut  west  to  Oregon  tod  south  to  the  West  Indies 
and  California;  Europe;  Asia. 

Ref.    Evans,  26,  207;  28,  170. 

Ricciella  fluitans  (L.)  A.  Br.    Riccia  fluitans  L. 

Floating  in  ponds  or  slow  streams  or  rooting  in  mud. 
Autumn.  Litchfield:  Goshen,  Underwood.  Hartford: 
Berlin,  Coleman;  Southington,  Andrews.  Windham:  Plain- 
field,  Sheldon.  Fairfield:  Bethel,  Underwood;  Danbury, 
Nichols.  New  Haven:  Branford,  Evans;  Hamden,  O.  D. 
Allen;  New  Haven  (1868),  Eaton;  North  Branford,  Evans," 
Southbury,  Harger. 

New  England  and  Ontario,  west  to  British  Columbia  arid 
south  into  tropical  America;  Europe;  Asia;  Africa;  New 
Zealand. 

Exsic.  Underwood  &  Cook,  Hep.  Amer.  No.  11  (as 
Riccia  fluitans). 

Ref.    Eaton,  15,  68.    Evans,  28,  170. 

Ricciella  Sullivantii  (Aust.)  Evans.  Riccia  SuUivantii 
Aust. 

Cultivated  fields  and  margins  of  ponds.  Autumn.  Hart- 
ford: East  Hartford,  Weatherby;  Hartford,  Harger.  Fair- 
field :  Danbury,  Nichols.  New  Haven  :  East  Haven,  Evans; 
Milford,  Miss  Lorem;  New  Haven,  O.  D.  Allen;  Orange 
(1876),  Eaton;  Oxfor/d,  Harger.  Middlesex:  Middlefield, 
Evans. 

New  England  to  Virginia  and  west  to  Ohio. 

Ref.    Eaton,  15,  68.    Evans,  28,  170;  33,  56. 

Ricciocarpus  Corda 
Ricciocarpus  natans  (L.)  Corda.    Kiccia  natans  L. 
Floating  in  ponds  or  growing  on  mud.     May  and  June. 
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Litchfield:  Salisbury,  Mrs.  Phelps.  Hartford:  New 
Britain,  Shepard.  Fairfield  :  Fairfield  and  Stratford,  Eames. 
New  Haven  :  East  Haven,  /.  A.  Allen;  Milford,  Eames;  New 
Haven  (1875),  Eaton;  Oxford,  Harger.  Miix>lesex:  Qinton, 
Miss  Marion  Clark. 

New  England  west  to  British  Columbia  and  south  to 
Mexico;  Brazil;  Europe;  Asia;  Australia. 

Ref.    £aton  15,  68.    Evans,  28,  170. 

FAMILY   MARCHANTIACEiC 
I     Air  chambers  in  several  layers,  separated  from  one  another 

by  plates  of  green  cells 2 

Air  chambers  in  a  single  layer,  the  green  cells  arranged  in 
simple  or  branched  rows  arising  from  the  floors  of  the 
chambers    4 

2.  Sporophytes  destitute  of  distinct  pseudoperianths 3 

Sporophytes  each  surrounded  by  a  distinct  pseudoperianth, 

consisting  of  a   thin  membrane   divided   longitudinally 
into   eight   segments Asterella 

3.  Ventral    scales    of    thallus    purple,    scarcely    projecting 

beyond  the  margin;   capsule   only  partially  filling  the 

involucral   cavity    Reboulia 

Ventral  scales  of  thallus  soon  becoming  bleached,  extend- 
ing far  beyond  the  margin,  and  usually  forming  a  dense 
tuft  at  the  apex;  capsule  completely  filling  the  involucral 
cavity    , Grimaldia 

4.  Pores  in  epidermis  of  thallus  simple,  each  surrounded  by 

a  single  layer  of  cells 5 

Pores  in  epidermis  compound  or  barrel-shaped,  each  sur- 
rounded by  cells  arranged  in  several  tiers 6 

5.  Outlines  of  air  chambers  distinct  to  the  naked  eye;  gemmae 

none;  plant  native  Conocephalmn 

Outlines  of  air  chambers  indistinct  to  the  naked  eye; 
gemmae  abundant,  produced  in  crescentic  receptacles; 
plant    introduced    into    greenhouses . . .  .• Lunularilt 

6.  Gemmae  none;  carpocephala  with  indistinct  flat  rays    Preissia 
Gemmae    usually   abundant,   produced   in   cup-shaped   re- 
ceptacles; carpocephala  with  distinct  terete  rays  Marchantia 

Reboulia  Raddi 
Reboulia  hemisphaerica  (L.)  Raddi.    Asterella  hemispfuB- 
rica  Beauv. 

On  shaded  banks  and  in  crevices  of  rocks.    May  and  June. 
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Litchfield:  New  Milford,  Evans.  Hartford:  Windsor, 
Evans,  Fairfield:  Redding,  Miss  Haynes;  Sherman,  Evans. 
New  Haven  :  Branford,  Livingston;  Hamden  and  New  Haven 
(1873),  Eaton;  Oxford,  Harger;  Woodbridge,  /.  A.  Allen. 
Middlesex:  Middletown,  Evans.  New  London:  Montville, 
Lumsden. 

New  England  west  to  British  Columbia  and  south  to 
Mexico;  Europe;  Asia;  Africa;  South  America;  Australia. 

Ref.    Eaton,  15,  68.    Evans,  28,  170. 

Grimaldia  Raddi 

Grimaldia  fragrans  (Balb.)  Corda.  Grimaldia  barbifrons 
Bisch. 

Thin  soil  on  rocks,  often  in  exposed  localities.  May  and 
June.  Litchfield:  Salisbury,  Evans.  Hartford:  Farming- 
ton,  Miss  Lorenz;  Hartford,  H.  S.  Clark;  Simsbury,  Miss 
Lorenz.  Fairfield:  Monroe,  Miss  Lorenz.  New  Haven: 
New  Haven  (1856),  Eaton;  North  Haven,  Evans;  Orange, 
Harger;  Woodbridge,  Evans. 

Quebec  and  New  England  west  to  Alaska  and  south  to 
New  Mexico  and  Texas ;  Europe ;  northern  Asia. 

Exsic.    Underwood  &  Cook,  Hep.  Amer.  No.  121. 

Ref.  Eaton,  15,  68.  Evans,  28,  170.  Underwood,  71,  35 ; 
75,68. 

Asterella  Beauv. 

Asterella  tenella   (L.)   Beauv.     Fimbriaria  tenella  Nees. 

Shaded  banks  and  thin  soil  on  rocks.  May  and  June. 
Litchfield:  New  Milford,  Evans.  Tolland:  Andover, 
Weatherby;  Bolton,  Nichols.  Windham:  Canterbury,  Mrs. 
Hadley.  New  Haven:  Cheshire,  Evans;  East  Haven,  /.  A. 
Allen;  Hamden  (1868),  Eaton;  Oxford,  Harger;  Wood- 
bridge,  Hall.    MiDM-ESEx:  Middletown,  Evans. 

New  England  west  to  Missouri  and  socith  to  Georgia. 

Ref.    Eaton,  15,  68.    Evans,  28,  170. 

Conocephalum  Wigg. 
Conocephalum  conicum  (L.)   Dumort. 
On  shaded  banks  and  rocks,  especially  along  streams.  April 
and  May.    Litchfield:  Goshen,  Underwood;  New  Milford 


Digitized  by 


Gooole 


42  CONNECTICUT  GEOL.  AND  NAT.    HIST.   SURVEY.        [BuU. 

and  Salisbury,  Evans.  Hartford:  Southington,  Chamberlain; 
Windsor,  IV,  E.  Britton.  Tolland:  Bolton  and  Stafford, 
Nichols.  Windham:  Canterbury,  Mrs.  Hadley;  Plainfield, 
Sheldon;  Windham,  Nichols.  Fairfield:  Danbury,  Nichols; 
Greenwich,  Miss  Haynes;  Huntington,  Evans;  Redding, 
Underwood;  Sherman,  Evans.  New  Haven:  Cheshire, 
Harger;  Hamden  and  New  Haven  (1856),  Eaton;  North 
H^ven  and  Woodbridge,  Evans.  Middlesex  :  Chester,  Nichols. 
New  London  :  Ledyard,  Nichols. 

Newfotmdland  west  to  Alaska  and  south  to  Florida  and 
Nebraska;  Europe;  Asia. 

Ref.    Eaton,  15,  69.    Evans,  28,  170.    Underwood,  75,  67. 

Preisaia  Corda 

Preissia  quadrata  (Scop.)  Nees. 

On  rocks  and  banks,  more  abundant  in  limestone  districts. 
May  and  June.  Litchfield:  New  Milford  and  Salisbury 
(1892),  Evans.  Hartford:  Windsor,  Evans.  Tolland: 
Bolton,  Nichols.  Fairfield  :  Sherman,  Evans.  New  Haven  : 
North  Haven,  Nichols.;  Orange,  Evans. 

Greenland  to  Alaska  and  south  to  Mexico ;  Europe ;  Asia. 

Ref.    Evans,  28,  170. 

Lunularia  (Mich.)  Adans. 

Lunularia  cruciata  (L.)  Dumort.    L.  vulgaris  Raddi. 

Introduced  into  greenhouses,  and  reproducing  (in  the 
eastern  United  States)  solely  by  means  of  gemmae.  New 
Haven:  New  Haven  (1868),  Eaton.  Doubtless  widely 
distributed  throughout  the  state. 

New  England  west  to  California  and  south  to  the  West 
Indies;  native  in  the  Mediterranean  regions  of  Europe,  Asia, 
and  Africa ;  Chile ;  Australia. 

Ref.    Eaton,  15,  69.    Evans,  28,  170. 

Marchantia  (March,  f.)  L. 

Marchantia  polymorpha  L. 

On  banks  and  rocks,  in  swamps,  gardens,  and  cultivated 
fields.      June-August.      Litchfield:    Goshen,    Underwood; 
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New  Milford,  Evans.  Hartford  :  Windsor,  Evans,  Tolla; 
Bolton,  Nichols,  Windham:  Canterbury,  Mrs,  Had 
Fairfield:  Sherman,  Evans,  New  ELaven:  Branford,  H 
East  Haven,  Harger;  New  Haven  (1856),  Eaton;  Oral 
Evans;  Oxford,  Harger;  Woodbridge,  O.  D.  Allen. 

Greenland  to  Alaska,  south  to  Florida  and  the  West  Indi 
Europe;  Asia. 

Ref.    Eaton,  15,  69.    Evans,  28,  170.    Underwood,  75, 

ORDER  JUNGERMANNIALES 
FAMILY  METZGERIACEiE 

1.  Gametophyte    a    thallus    with    no    indication    of    leaves; 

capsule   splitting  longitudinally   at   maturity   into   fbur 

valves    

Gametophyte  more  or  less  clearly  differentiated  into  stem 
and  leaves    

2.  Thallus   composed   of   parench3rma   throughout 

Thallus  with  a  median  strand  of  narrow  elongated  cells 

3.  Branches    lateral:    capsule    oval Riccar 

Branching  produced  by  forking;   capsule   spherical Pe 

4.  Thallus  repeatedly  forking,  bearing  cilia  on  the  margin; 

antheridia    and    archegonia    borne    on    short    ventral 

branches Metzgc 

Thallus  simple  or  with  scattered  ventral  branches,  margin 
entire;  antheridia  and  archegonia  borne  on  dorsal 
surface    .* Pallavici 

5.  Leaves    in    the    form    of    marginal    crenulate    scallops; 

rhizoids    colorless;    capsule    splitting    longitudinally    at 

maturity  into  four  valves Bla 

Leaves  distinct;  rhizoids  purple;  capsule  splitting  ir- 
regularly at   maturity Fossombro 

Riccardia  S.  F.  Gray 

1.  Thallus  mostly  4-10  mm.  broad,  sparingly  branched  R.  ping 
Thallus  mostly  1-2  mm.  broad,  copiously  branched 

2.  Thallus  pinnate  or  bipinnate 

Thallus  palmate  or  irregularly  branched 
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4.     Cortical  cells  averaging  0.07   X   0.04  mm;   gemmae  rare 

R.  latifrons 
Cortical  cells  averaging  0.04  X  0.025  mm;  gemmae  two- 
celled,  often  abundant R.  palmata 

Riccardia  pinguis  (L.)  S.  F.  Gray.  Aneura  sessilis  Spreng. 

In  swamps.  April- June.  Litchfield:  New  Milford  and 
Salisbury,  Nichols.  Hartford:  Hartford,  A.  H.  Graves. 
New  Haven:  East  Haven  (1874),  Hall;  Orange,  Evans. 
Middlesex  :  Cromwell,  Evans. 

Greenland  to  Alaska,  and  south  to  the  West  Indies,  Mexico, 
and  Brazil ;  Europe ;  Asia ;  Africa ;  Australia. 

Ref.    Eaton,  15,  69.    Evans,  28,  170. 

Riccardia  multifida  (L.)  S.  F.  Gray.  Aneura  multifida 
Dumort 

In  swamps  and  on  wet  rocks.  May  and  June.  Litch- 
field: Salisbury,  Evans.  Fairfield:  Redding,  Evans.  New 
Haven:  Orange  (1876)  and  Woodbridge,  /.  A.  Allen. 

Newfoundland  and  Nova  Scotia,  south  to  Virginfa; 
British  Columbia  to  California;  Europe;  Asia. 

Ref.    Eaton,  15,  69.    Evans,  28,  170. 

Riccardia  sinuata  (Dicks.)  Trevis.  Aneura  pinnati/ida 
Nees,  in  part. 

On  dripping  rocks.  April  and  May.  New  Haven: 
Hamden  (1855),  Eaton;  Woodbridge,  /.  A.  Allen. 

New  England  south  to  New  Jersey;  also  in  British 
Columbia ;  Europe ;  Asia.  A  rare  species,  the  range  of  which 
is  very  incompletely  known. 

Exsic.  Austin,  Hep.  Bor.-Amer.  No.  115,  in  part  (as 
Aneura  pinnaiifida).    Miss  Haynes,  Amer.  Hep.  No.  36. 

Ref.  Eaton,  15,  69.  Evans,  28,  170.  Underwood,  71,  55; 
72,  726.  ^ 

Riccardia  latifrons  Lindb. 

On  rotten  logs.  May- August.  Litchfield:  Salisbury, 
Evans.  Tolland:  Bolton  and  Stafford,  Nichols.  New 
Haven:  Cheshire,  Evans;  Woodbridge  (1879),  /.  A.  Allen. 
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Newfoundland  west  to  Alaska  and  south  to  New  England 
and  New  York ;  Europe ;  Asia. 
Ref.    Evans,  28,  170. 

Riccardia  palmata  (Hedw.)  Carruth. 

On  rotten  logs.  May  and  June.  New  Haven:  Cheshire 
(1887),  Setchell 

Nova  Scotia  west  to  Alaska  and  south  to  New  England, 
New  York,  and  California ;  Europe ;  Asia. 

Ref.    Evans,  28,  170. 

Metzgeria  Raddi 

Metzgeria  conjugata  Lindb.    M.  furcata  of  some  authors. 

On  shaded  rocks  and  trunks  of  trees.  May  and  June. 
Litchfield  :  New  Milford,  Evans.  Windham  :  Canterbury, 
Mrs.  Hadley;  Killingly,  Rounds.  Fairfield:  Danbury, 
Eaton;  Redding,  Miss  Haynes.  New  Haven  :  East  Haven, 
Eaton;  Hamden,  /.  A.  Allen;  Meriden,  Evans;  New  Haven 
(1856)  and  Orange,  Eaton;  Seymour,  Evans.  Middlesex: 
Killingworth,  Evans.    New  London  :   Norwich,  Setchell. 

New  England  west  to  Alaska  and  south  to  Argentina  and 
Chile ;  Europe ;  Asia ;  Africa. 

Ref.    Eaton,  15,  69.    Evans,  28,  170. 

Pallavicinia  S.  F.  Gray 

Pallavicinia  Lyellii  (Hook.)  S.  F.  Gray.  Steetzia  Lyellii 
Lehm. 

In  swamps  and  bogs,  sometimes  aquatic.  April-June. 
Litchfield:  Noriolk,  Miss  Lor  ens.  Hartford:  East  Hart- 
ford, Miss  Lorenz;  Windsor,  Evans.  Tolland  :  Stafford  and 
Vernon,  Nichols.  Windham:  Canterbury,  Mrs.  Hadley. 
New  Haven:  Bethany  and  East  Haven,  Evans;  Hamden, 
/.  A.  Allen;  Madisoi\  and  Middlebury,  Evans;  New  Haven 
(1877),  /.  A.  Allen;  North  Haven,  Evans;  Oxford,  Harger. 
Middlesex  :  Chester,  Nichols.  New  London  :  Groton,  Pres- 
ton, and  Waterford,  C.  B.  Graves. 

Newfoundland  west  to  Ontario  and  south  into  tropical 
America;  Europe;  Asia;  Africa;  New  Zealand. 

Ref.    Eaton,  15,  69.    Evans,  28,  170. 
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Pellia  Raddi 

Pcllia  cpiphylla  (L.)  Corda. 

On  shaded  banks  and  damp  rocks.  April  and  May.  Litch- 
field: Goshen,  Underwood;  Salisbury,  Mrs,  Phelps.  Hart- 
ford: Windsor,  W.  E.  Britton.  Windham:  Canterbury,  Mrs. 
Hadley.  Fairfield:  Huntington,  Evans;  Redding,  Miss 
Haynes.  New  Haven:  Bethany,  Evans;  Hamden,  /.  A. 
Allen;  MJidison,  Nichols;  New  Haven,  Evans;  Orange  (1873), 
Hall;  Woodbridge,  Eaton.    Middlesex:   Chester,  Nichols.- 

Labrador  to  Alaska  and  south  to  New  England,  New  York, 
and  Indiana;  Europe;  Asia. 

Exsic.    Miss  Haynes,  Amer.  Hep.  No.  35. 

Ref.    Eaton,  15,  69.    Evans,  28,  170. 

Blasia  L. 
Blasia  pusilla  L. 

On  damp  banks  and  rocks.  April  and  May.  Litchfield: 
Cornwall,  Underwood;  Salisbury,  Nichols.  Windham  :  Can- 
terbury, Mrs.  Hadley.  Fairfield  :  Huntington,  Evans.  New 
Haven:   Derby,  /.  A.  Allen;  Hamden  (1875),  Hall. 

Nova  Scotia  west  to  Alaska  and  south  to  Virginia,  New 
Mexico,  and  California;  Europe;  Asia. 

Exsic    Underwood  &  Cook,  Hep.  Amer.  No.  5. 

Ref.     Eaton,  15,  69.    Evans,  28,  170. 

Fossombronia  Raddi 

1.  Annual;  capsules  mature  in  autumn 2 

Perennial;  capsules  mature  in  May  and  June F.  salina 

2.  Spores  witd  subparallel  and  rarely  anastomosing  ridges 

F.  Wondracsddi 
Spores    with    anastomosing    ridges    forming    a    network 

F.  f oveolata 

Fossombronia  salina  Lindb. 

On  earth  in  wet  pastures  and  swamps.  May  and  June. 
New  Haven:  East  Haven,  Evans;  Hamden  (1879)  and 
Orange,  /.  A.  Allen. 

Connecticut  south  to  Florida  and  the  West  Indies  and  west 
to  Tennessee  and  Arkansas. 

Ref.    Evans,  24,  10;  28,  170. 
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'Fossombronia  Wondraczekii  (Corda)  Dumort. 

In  damp  fields  and  along  roadsides.  Sept.-Nov.  New 
Haven:  O^cford  (1894),  Harger.  Middlesex:  Portland, 
Johnson. 

New  England  west  to  Indiana  and  south  to  Maryland; 
Europe;  Asia. 

Ref.    Evans,  24,  10;  28,  170. 

Fossombronia  foveolata  Lindb. 

In  damp  fields  and  along  roadsides.  Sept.-Nov.  New 
Haven:  Branford,  Cheshire,  and  Hamden,  Evans;  Milford, 
Miss  Lorenz;  New  Haven,  Evans;  Orange  (1879),  /.  A. 
Allen.    Middlesex:  Portland,  Evans. 

Quebec  and  Ontario  west  to  British  Columbia  and  south 
to  New  Jersey  and  Delaware;  Europe. 

Ref.    Evans,  28,  170. 

FAMILY  JUNGERMANNIACE^ 

1.  Leaves  undivided  and  with  entire  margins 2 

Leaves  variously  toothed,  lobed,  cleft,  or  divided 9 

2.  Archegonia  borne  on  the  stem  or  a  leading  branch 3 

Archegonia    borne    on    a    short    branch,    usually    arising 

ventrally  7 

3.  Bracts  undivided,  similar  to  the  leaves 4 

Bracts  variously  incised  or  cleft JameBoniella,  p.    52 

4.  Uppermost  bracts  apparently  adnate  with  the  base  of  the 

perianth   ' Nardia,  p.    50 

Uppermost  bracts  entirely  free  from  the  perianth 5 

5.  Perianth  terete  and  more  or  less  contracted  at  the  mouth 

Jungermannia,  p.    51 
Perianth  laterally  compressed  and  truncate  at  the  mouth      6 

6.  Growing  in   damp  or  wet  woods   on  various   substrata; 

stems  with  few  or  no  rhizoids;  leaves  never  gemmiparous 

Plagiochila,  p.    56 
Growing  in  open   bogs;   stems  with  numerous   rhizoids; 
leaves  often  gemmiparous Mylia,  p.    56 

7.  Leaves  succubous;  sporophyte  enclosed  within  a  perianth      8 
Leaves  incubous;  sporophyte  developed  within  a  pendent 

perigynium    Calypogeia,  p.    62 

8.  Leaf  cells  without  trigones   Chilo8C3rphu8,  p.    58 

Leaf  cells  with  distinct  trigones Odontoschisma,  p.    62 
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9.    Leaves  not  complicate,  usually  expanded  in  one  plane 10 

Leaves 'distinctly  complicate,  the  two  portions  meeting  at 

a  more  or  less  distinct  keel 22 

♦    . 

la    Leaves  succubous 11 

Leaves  incubous  19 

11.  Leaves  bidentate  or  bilobed la 

Leaves  with  more  than  two  teeth  or  lobes 18 

12.  Underleaves  distinct  13 

Underleaves  none  or  very  minute 16 

13.  Underleaves  distinctly  bifid 14 

Underleaves  undivided  or  with  a  few  marginal  teeth  or 

cilia  15 

14.  Sporophyte  enclosed  within  a  perianth Lophocolea,  p.    57 

Sporophyte     developed    within     a    pendent     perigynium 

Geocal]rx,  p.    59 

15.  Growing  on  rotten  logs,  often  gemmiparous 

Harpanthus,  p.    59 

Growing  on  calcareous  rocks,  never  gemmiparous 

Lophozia  Muelleri,  p.    53 

16.  Perianth  terete,  more  or  less  plicate  at  the  mouth 

Lophozia,  p.  52 

Perianth  trigonous 17 

17.  Leaf  cells  0.025-0.05  mm.  in  diameter Cephalosia,  p.  59 

Leaf  cells  0.01-0.02  mm.  in  diameter Cephaloziella,  p.  61 

iB.    Leaves  undivided,  margin  sharply  toothed . .  Plagiochila,  p.    56 
Leaves  with  three  or  four  broad  teeth Lophozia,  p.    52 

19.  Leaves  bidentate  at  the  apex;  ventral  flagelliform  branches 

none  Caljrpogeia,  p.    62 

Leaves  mostly  with  three  or  four  teeth,  lobes,  or  divisions    20 

20.  Stems     apparently     dichotomous;     ventral     flagelliform 

branches  numerous   Bazzania,  p.    64 

Stems  pinnately  branched;  ventral  flagelliform  branches 
none  21 

21.  Divisions  or  lobes  of  leaves  two  or  more  cells  wide,  at 

least  at  the  base;   archegonia  borne  on   short  ventral 

branches Lepidozia,  p.    65 

Divisions  of  leaves  only  one  cell  wide  throughout;  arche- 
gonia borne  on  the  main  stem  or  on  leading  lateral 
branches  Blepharofitoma,  p.    66 

22.  Ventral  lobe  of  leaf  equaling  or  surpassing  the  dorsal  in 

size   23 

Ventral  lobe  smaller  than  the  dorsal .  .• 26 
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23.  Bracts  apparently  adnate  to  the  base  of  the  perianth.. 

Mar8upella»  p-    50 
Bracts  entirely  free  from  the  perianth 24 

24.  Perianth  strongly  dorsi-ventrally  compressed,  not  plicate 

in  upper  part Scapania,  p.    68 

Perianth  terete  or  slightly  compressed,  more  or  less  plicate 
in  upper  part 25 

25.  Keels  of  leaves  sharp Diplophylleia,  p.    67 

Keels  of  leaves  blunt Sphenolobua,  p.    55 

26.  Leaves  and  underleaves  with  fringed  margins 27 

Leaves  and  underleaves    (when  present)   with   entire   or 

denticulate  margins   28 

orj.    Plants  green,  often  tinged  with  brown  or  red,  growing  in 
rather   dry   localities;    leaf   cells   with   trigones   and   a 

smooth  cuticle Ptilidium,  p.    66 

Plants  pale  green  or  yellowish,  growing  on  the  ground  in 
swamps;  leaf  cells  thin- walled,  with  a  minutely  striolate 
cuticle Trichocolea,  p.    67 

28.  Underleaves  present  .' 29 

Underleaves  none    33 

29.  Underleaves  undivided • 30 

Underleaves  bifid 31 

30.  Ventral  lobe  of  leaf  not  inflated,  attached  to  the  stem  by 

a  narrow  base Porella,  p.    70 

Ventral  lobe  of  leaf  inflated  and  forming  a  small  water- 
sac,  attached  to  the  stem  by  a  broad  base 

Leucolejeunea,  p.    72 

31.  Ventral  lobe  of  leaf  attached  to  the  stem  by  a  broad  base, 

forming  an  inflated  water-sac Lejeunea,  p.    72 

Ventral  lobe  of  leaf  usually  forming  an  inflated  water-sac, 
entirely  free  from  the  stem 32 

32.  Archegonial  branch  with  one  or  two  subfloral  innovations 

Jubula,  p.    72 

Archegonial  branch  without  subfloral  innovations. 

Prullania,  p.    73 

33.  Dorsal  lobes  of  leaves  smooth  and  entire;  perianth  dorsi- 

ventrally  compressed,  truncate  at  the  mouth 

Radula,  p.    69 

Dorsal  lobes  of  leaves  .denticulate  and  minutely  roughened 

on  outer  surface  by  projecting  cells;  perianth  inflated, 

five-keeled,  and  contracted  at  the  mouth  into  a  tubular 

beak  Cololejeunea,  p. 
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Marsupella  Dumort. 

Plants  varying  from  green  to  reddish;  leaves  with  a  broad 
sinus  and  bluntly  pointed  lobes M.  emarginata 

Plants  varying  from  green  to  deep  purplish  black;  leaves 
with  a  narrow  sinus  and  rounded  lobes M.  Sullhrantii 

Marsupella  emarginata  (Ehrh.)  Dumort 

On  damp  shaded  rocks.  May  and  June.  Litchfield: 
Salisbury,  Nichols,  New  Haven:  Branford,  Evans;  Mid- 
dlebury,  Harger;  Naugatuck,  Evans;  Oxford,  Harger;  Wood- 
bridge  (1879),  J'  ^'  Allen. 

Labrador  west  to  Alaska  and  south  to  Virg^inia,  Minnesota, 
and  California;  Europe;  Asia. 

Ref.    Evans,  28,  172. 

Marsupella  Sullivantii  (DeNot.)  Evans.  Marsupella 
sphacelata  of  some  authors,  not  (Gieseke)  Dumort.  M,  media 
(Gottsche)  SchiflFn. 

On  shaded  rocks.  May  and  June.  Hartford:  Southing- 
ton,  Miss  Lorens,  New  Haven:  Hamden  and  Naugatuck 
(1890),  Evans, 

Nova  Scotia  south  to  Georgia;  Washington;  Europe. 

Ref.    Evans,  28,  172;  30,  167;  33,  57. 

Nardia  S.  F.  Gray 

1.  Growing  on  sandy  soil;  rhizoids  colorless;  leaves  (or  at 

least   the   bracts)   bordered   by   a   row   of  thick-walled 
cells;  leaf  cells  otherwise  thin- walled  throughout  or  with 

minute  trigones   N.  crenulata 

Growing  on  damp  rocks  or  banks;    rhizoids  more  or  less 
tinged  with  purple;   leaf  cells  with  distinct  trigones 2 

2.  Leaves  bordered  by  a  row  of  thick- walled  cells 

N.  crenulifonnis 
Leaves  not  bordered,  their  cell  structure  uniform  through- 
out      N.  hyalina 

Nardia  crenulata  (Sm.)  Lindb.  Jungermannia  crenulata 
Sm. 

On  sandy  soil,  especially  along  roadsides  and  shadM  paths. 
\pril-June.  Litchfield:  Cornwall  and  Litchfield,  Under- 
.vood,    Tolland:    Bolton,  Nichols.     Fairfield:    Huntington 
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and  Redding,  Evans.  New  Haven  :  Hamden,  Eaton;  Meri- 
den,  Evans;  New  Haven  (1866),  Eaton;  Orange,  Evans; 
Oxford,  Harger;  Woodbridge,  /.  A,  Allen,  Middlesex: 
Middlefield,  Evans. 

Greenland  west  to  British  Columbia  and  south  to  Alabama 
and  California;  Europe;  Asia. 

Exsic.     Underwood  &  Cook,  Hep.  Amer.  No.  57. 

Ref.     Eaton,  15,  71.    Evans,  28,  172. 

Nardia  crenuliformis  (Aust.)  Lindb. 

On  rocks  along  streams.  May  and  June.  New  Haven: 
Beacon  Falls  (1907),  Evans. 

Connecticut  to  Ohio  and  south  to  New  Jersey;  and  West 
Virginia. 

Nardia  hyalina  (Lyell)  Carr. 

On  damp  shaded  rocks  and  banks.  May  and  June.  Wind- 
ham: Canterbury,  Mrs.  Hadley.  New  Haven:  Ansonia 
(1880),  /.  A.  Allen;  Beacon  Falls,  Evans;  Hamden,  /.  A, 
Allen;  Naugatuck,  Evans.    Middlesex:   Middletown,  Evans, 

New  England  to  Minnesota  and  south  to  Maryland; 
Europe;  Peru. 

Ref.    Evans,  26,  209;  28,  172. 

Jungermannia  (Rupp.)   L. 

1.  Leaf  cells  with  trigones;    monoicous:    perianth  abruptly 

contracted  at  the  apex  into  a  short  depressed  beak 

J.  lanceolata 
Leaf  cells  without  trigones;   perianth  gradually  contracted 
at  the  apex 2 

2.  Small  species,  stems  5-10  mm.  long;  monoicous J.  pumila 

Large  species,  stems  mostly  2-8  cm.  long;  dioicous 

J.  cordifolia 

Jungermannia  lanceolata  L.    Liochlcena  lanceolata  Nees. 

On  shaded  banks.  "May  and  June.  New  Haven:  Ham- 
den (1877)  3"d  New  Haven,  /.  A.  Allen;  Oxford,  Harger. 

Labrador  west  to  British  Columbia  and  south  to  New  Jer- 
sey, Indiana,  and  Washington ;  Europe ;  Asia ;  Madeira  Islands. 

Ref.     Eaton,  15,  71.    Evans,  28,  171. 
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Jungermannia  pumila  With. 

On  wet  rocks,  often  in  brooks.  May  and  June.  New 
Haven:  Hamden  (1877),  /.  A.  Allen;.  North ' Brjinford, 
Evans, 

Greenland  south  to  Maryland;  Europe. 

Ref.    Evans,  28,  171. 

Jungermannia  cordifolia  Hook. 

On  wet  rocks  along  streams.  Hartford:  Wind$or  (1903), 
Miss  Lorenjs. 

Greenland  west  to  Alaska  and  south  to  N^w  England  and 
Colorado;  Europe;  Asia;  South  America. 

Ref.    Evans,  30,  170. 

Jamesoniella  (Spruce)  Steph. 

Jamesoniella  autumnalis  (DC.)  Steph.  Jungermcmnui 
Schraderi  Mart 

On  banks,  rocks,  and  rotten  logs.  Sept.-Nov.  Litch- 
field: New  Milford,  Evans;  Salisbury,  Adams,  Hartford: 
Simsbury,  Miss  Lorens.  Tolland:  Vernon,  Nichols,  New 
Haven:  Bethany,  Evans;  Hamden  (1878),  Eaton;  Naug^- 
tuck,  Evans;  New  Haven,  O.  D.  Allen;  Orange,  Evans;  Ox- 
ford, Harger;  Woodbridge,  Nichols,  Middlesex:  Cromwell, 
Evans. 

Greenland  to  British  Columbia  and  south  to  Virginia  and 
Missouri;  Europe;  Asia; 

Ref.    Eaton,  15,  71.    Evans,  28,  171. 

Lophozia  Dumort. 

1.  Leaves  bidentate  or  bilobed  throughout 2 

Leaves   tri-   or   quadridentate,  at   least  on   fertile   stems, 

sometimes  bidentate  on  poorly  developed  stems 7 

2.  Teeth  or  lobes  acute 3 

Teeth  or  lobes  rounded    L.  inflata 

3.  Underleaves  none;  perianth  plicate  in  upper  part,  and  not 

strongly  contracted  at  the  mouth 4 

Underleaves  present;  perianth  scarcely  plicate  in  upper  part, 
and  contracted  at  the  mouth  into  a  short  beak..L.  Muelleri 

4.  Dioicous    5 

Monoicous  (paroicous)   6 
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5.  Growing  on  rocks;  leaf  cells  with  small  trigones.  .L.  ventricosa 
Growing  on  rotten  logs;  leaf  cells  with  large  trigones.. 

L.  porphyroleuca 

6.  Plants   with    a    distinct    aromatic    odor;    leaf   cells    with 

strongly  thickened  walls  L.  bicrenata  , 

Plants   odorless;   leaf  cells   thin-walled,   but   with   small 
trigones   L.  excisa 

7.  Plants  firm,  dark  green;  leaves  but  little  altered  when  dry      8 
Plants    delicate,    pale    or   bright    green;    leaves    strongly 

crispate  when  dry 10 

8.  Teeth    of    leaves    subequal,    the    lateral    marg^ins    nearly 

straight  and  of  about  the  fame  U ngth 9 

Apical  (or  ventral)  tooth  larger  than  the  others,  the  cor- 
responding lateral  marg^in  long  and  strongly  curved . . 

L.  Lyoni 

9.  Gemmae  usually  abundant,  borne  on  upright  flagelliform 

shoots  with  closely  appressed  leaves Lf.  attenuata 

Gemmae  rare,  not  borne  on  ilagelliform  shoots L.  barbata 

ID.    Lobes  of  leaves  more  or  less  toothed L.  indsa 

Lobes  o(  leaves  entire L.  marchica 

Lophozia  inflata  (Huds.)  M.  A.  Howe. 

On  damp  shaded  rocks.  Tolland  :  Bolton,  Nichols.  New 
Haven:    Branford  (1892)  and  Naugatuck,  Evans. 

Greenland  to  Alaska  and  south  to  New  Jersey  and  Cali- 
fornia; Europe;  Asia. 

Ref.    Evans,  aS,  172. 

Lophozia  Muelleri  (Nees)  Dumort. 
In  crevices  of  calcareous  rocks.    May  and  June.    Litch- 
field:  Salisbury  (1897),  £vanj. 

Quebec  to  Connecticut;  Europe;  Asia. 
Ref.     Evans,  32,  35. 

Lophozia  bicrenata  (Schmid.)  Dumort.  Jungermannia 
excisa  of  some  authors. 

On  rocks,  shaded  earth,  and  banks.  May  and  June. 
Litchfield:  Goshen,  Underwood.  Tolland:  Bolton  and 
Vernon,  Nichols.  Fairfield:  Huntingdon,  Evans.  New 
Haven  :  Beacon  Falls,  Nichols;  Hamden  (1878),  /.  A.  Allen; 
Meriden,  Evans;  Orange,  /.  A.  Allen;  Seymour,  Harger. 
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Quebec  and  Ontario  south  to  Pennsylvania  and  New  Jer- 
sey; Europe;  Asia. 

Ref.      Eaton,  15,  71.    Evans,  26,  209;  28,  172. 

Lophozia  excisa  (Dicks.)  Dumort. 

On  rocks.    New  Haven:   North  Haven  (1906),  Evcuts, 

Labrador  to  New  England  and  west  to  British  Columbia; 
Europe;  Asia.  The  species  has  been  confused  in  North 
America  with  L.  bicrenata,  and  its  range  is  therefore  not  very 
definitely  known. 

Ref.    Evans,  33,  73.    Miss  Haynes,  44,  99,  pi,  p,  f,  10-13. 

Lophozia  ventricosa  (Dicks.)  Dumort. 
On  rocks.    Litchfielx):    Salisbury  (1908),  Miss  Loretus. 
Greenland  to  Alaska,  south  to  New  England,  Minnesota, 
and  California;  Europe;  Asia. 

Lophozia  porphyroleuca  (Nees)  Schiffn. 
On  rotten  logs.    Tolland:    Stafford  (1906),  Nichols. 
Greenland  to  British  Columbia,  south  to  New  England  and 
Washington ;  Europe ;  Asia. 
Ref.     Evans,  33,  73. 

Lophozia  marchica  (Nees)  Staph.  Jnngermannia  Novcp- 
C cesarean  Evans.     L.  Novce-Ccesarecc  Steph. 

In  bogs  and  on  wet  sandy  soil.  May  and  June.  Fair- 
field: Huntington,  Evans,  New  Haven:  East  Haven  (1892) 
and  Orange,  Evans. 

New  England  south  to  Delaware  and  West  Virginia; 
Europe. 

Ref.     Evans,  20,  309;  26,  212;  28,  172.    Stephani,  67^  153. 

Lophozia  incisa  (Schrad.)  Dumort. 

On  shaded  banks  and  rotten  logs.  May  and  June.  Litch- 
field: Winchester,  Miss  Lorenz,  Tolland:  Stafford,  Nich- 
ols, New  Haven:  Hamden  (1877),  O.  D,  Allen;  Wood- 
bridge,  Evans, 

Greenland  to  Alaska,  and  south  to  New  England,  Minne- 
sota, and  California;  Europe;  Asia. 

Ref.    Evans,  28,  172. 
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Lophozia  barbata  (Schreb.)  Dumort.  Jungermannia  bar- 
bata  Schreb. 

On  rocks.  May  and  June.  Litchfield  :  Goshen,  Under- 
wood. Hartford:  Farmington,  Miss  Lorenz,  New  Haven: 
East  Haven,  Evans;  Hamden,  /.  A,  Allen;  Meriden,  Evans; 
New  Haven  (1877),  J-  ^'  Allen;  Southhury,  Harger,  Mid- 
dlesex:  Durham,  Evans, 

Greenland  to  Yukon,  and  south  to  New  York  and  New 
Jersey;  Europe;  Asia. 

Ref.     Eaton,  15,  71.    Evans,  28,  172. 

Lophozia  attenuata  (Mart.)  Dumort.  L.  gracilis 
(Schleich.)  Steph. 

On  shaded  rocks  and  logs.  Litchfield:  Salisbury  (1892), 
Evans, 

Greenland  to  Alaska,  south  to  New  England  and  New 
York ;  Europe ;  Asia. 

Ref.    Evans,  31,  58. 

Lophozia  Lyoni  (Tayl.)  Steph. 

On  shaded  rocks.    New  Haven:  Meriden  (1890),  Evans, 
Greenland  to  Alaska,  and   south   to  New  England  and 
Minnesota;  Europe;  Asia. 

Ref.     Evans,  26,  210;  28,  172. 

Sphenolobus  (Lindb.)  Steph. 

Dorsal  lobe  much  smaller  than  the  ventral,  often  tooth-like 

S.  exsectus 
Lobes  subequal   S.  Michauxii 

Sphenolobus  exsectus  (Schmid.)  Steph. 

On  shaded  rocks.  Litchfield:  New  Milford,  Evans, 
New  Haven:    Branford  (1903)  and  Naugatuck,  Evans. 

Quebec  to  British  Columbia,  south  to  West  Virginia  and 
Colorado;  Europe;  Asia. 

Ref.    Evans,  28,  173;  30,  171. 

Sphenolobus  Michauxii  fWeb.  f.)  Steph. 

On  shaded  rocks.    Litchfield:   Salisbury  (1892),  Evans, 
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Labrador  to  British  Columbia,  south  to  Virginia  and  Min- 
nesota ;  Europe ;  Asia.  ^ 
Ref.    Evans,  31,  58. 

Plagiochila  Dumort 

Leaves  broadly  ovate,  entire  or  denticulate,  the  teeth  more 
than  ten  P.  asplenioides 

Leaves  narrowly  ovate,  sharply  dentate,  the  teeth  less  than 
ten P.  SullhruitH 

Plagiochila  asplenioides  (L.)  Dumort  Including  P.  porel- 
loides  Nees. 

On  rocks  and  banks,  often  in  wet  localities.  May  and  June. 
Litchfield:  New  Milford  and  Salisbury,  Evans,  Hartford: 
Burlington,  Nichols.  Tolland:  Stafford,  Nichols,  Wind- 
ham: Canterbury,  Mrs,  Hadley,  Fairfield:  Huntingtod, 
Evans;  Redding,  Miss  Haynes;  Sherman,  Evans.  New 
Haven:  Beacon  Falls,  Evans;  Bethany,  Hall;  Hamden 
(185s),  New  Haven,  and  Orange,  Eaton;  Oxford,  Harger; 
Woodbridge,  Evans.  Middlesex:  Cromwell,  Evans;  Kil- 
lingfworth,  Hdl;  Middlefield  and  Middletown,  Evans.  New 
London  :  Ledyard,  Nichols. 

Newfoundland  to  Alaska,  and  south  to  Virginia,  Minne- 
sota, and  California;  Europe;  Asia. 

Ref.    Eaton,  15,  71.    Evans,  28,  172. 

Plagiochila  SiiUivantii  Gottsche.  P.  spinulosa  of  some 
authors. 

On  shaded  rocks.  Fairfield:  Redding,  Evans.  New 
Haven:   Branford  and  Naugatuck  (1890),  Evans, 

New  Hampshire  to  North  Carolina. 

Exsic.  Underwood  &  Cook,  Hep.  Amer.  No.  iii  (as  P. 
spinulosa),  collected  at  Naugatuck,  Evans,  but  incorrectly 
labeled  "  Beacon  Falls." 

Ref.  Evans,  21,  191,  pi,  15,  f,  18,  21,  pi,  16,  f,  1-3;  28,  172. 
Stephani,  67*,  319. 

Mylia  S.  F.  Gray 
Mylia  anomala  (Hook.)  S.  F.  Gray. 
Among  Sphagna  in  bogs.    Litchfield:  Woodbury,  Evans. 
New  Haven:   Bethany  (1892)  and  New  Haven,  Evans. 
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New  Brunswick  to  Yukon,  and  south  to  New  Jersey  and 
Washington;  Europe;  Asia. 

Exsic.    Underwood  &  Cook,  Hep.  Amer.  No.  151. 
Ref.    Evans,  28,  172.    Underwood,  73,  300. 

Lophocolea  Dumort. 

I.    Plants  growing  on  wet  rocks;  leaves  gradually  narrowed 
toward  the  apex  and  divided  into  two  sharp  teeth;  di- 

oicous L.  bidentata 

Plants  growing  on  banks,  rotten   logs,  or  damp   rocks; 
leaves  scarcely  narrowed  toward  the  apex 2 

9.    Leaves   varying   from   bifid   to   truncate  and    undivided; 

monoicous  (paroicous) ;  genunae  none J^,  heterophylla 

Leaves  bidentate;  dioicous;  gemmae  abundant,  borne  on 
rudimentary  leaves   .*.  .L.  minor 

Lophocolea  bidentata  (L.)  Dumort. 

On  rocks  near  or  in  streams.  May  and  June.  Hart- 
ford: Windsor,  Evans.  New  Haven:  Hamden  (1877), 
/.  A,  Allen;  Orange,  Evans.    Middlesex:   Cromwell,  Evans. 

Ontario  south  to  Connecticut  and  Virginia ;  Europe ;  tropi- 
cal and  antarctic  America. 

Exsic.    Underwood  &  Cook,  Hep.  Amer.  No.  95. 

Ref.    Eaton,  15^  71 ;  Evans,  28,  172. 

Lophocolea  heterophylla  (Schrad.)  Dumort.  Including 
L.  AusHni  Lindb. 

On  rotten  logs,  shaded  banks,  and  earth  in  woods.  May- 
July.  Litchfield  :  Goshen,  Underwood;  New  Milford, 
Evans;  Salisbury,  Nichols.  Tolland:  Bolton  and  Stafford, 
Nichols.  Fairfield  :  Huntington  and  Sherman,  Evans.  New 
Haven:  Beacon  Falls  and  Derby,  Evans;  East  Haven  and 
Hamden,  O.  D.  Allen;  Meriden  and  Middlebury,  Evans;  New 
Haven  (1866),  Eaton;  North  Branford,  North  Haven,  and 
Orange,  Evans;  Oxford,  Harger;  Seymour,  Ei/ans.  Middle- 
sex: Durham,  Evans;  Killing^orth,  Nichols;  Middlefield, 
Evans.    New  London:   LedyaLvd,, Nichols. 

Nova  Scotia  to  British  Columbia,  and  south  to  North  Caro- 
lina, Minnesota,  and  California;  Europe;  Asia. 
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Exsic.  Underwcxxl  &  Cook,  Hep.  Amer.  No.  i86,  in  part 
(as  L.  AusHni). 

Ref.     Eaton,  15,  71.    Evans,  23,  pL  6;  28,  172. 

Lophocolea  minor  Nees. 

On  shaded  banks  and  rocks,  especially  in  limestone  regions. 
Hartford:  Farmington  and  Hartford,  Miss  Lorenz,  Tol- 
land :  StaflFord,  Nichols,  Fairfield  :  Sherman,  Evans.  New 
Haven  :  East  Haven,  Evans;  New  Haven  (1877),  /.  A,  Allen, 

New  Brunswick  to  British  Columbia,  south  to  New  York 
and  Minnesota;  Europe;  Asia. 

Exsic.     Underwood  &  Cook,  Hep.  Amer.  No.  129. 

Ref.     Evans,  28,  172. 

Chiloscyphus  Corda 

Leaf  cells  usually  less  than  0.03  mm.  in  diameter;  lobes  of 
perianth  entire  or  nearly  so C.  polyanthus 

Leaf  cells  mostly  0.035-0.04  mm.  in  diameter;  lobes  of 
perianth  dentate  or  lacerate C  palleacena 

Chiloscyphus  polyanthus  (L.)  Corda. 

In  swamps  and  streams,  often  submerged.  Litchfield: 
Winchester,  Evans,  Hartford:  Windsor,  Evans,  Tolland: 
Bolton  and  StaflFord,  Nichols.  Windham  :  Canterbury,  Mrs, 
Hadley.  New  Haven:  Bethany  (1878),  Eaton;  Hamden, 
Harger;  New  Haven,  Evans;  Oxford,  Harger;  Woodbridge, 
/.  A.  Allen.  Middlesex:  Killingworth,  Nichols;  Middletown, 
Evans. 

Labrador  to  Alaska,  and  south  to  New  Jersey,  Missouri, 
and  California;  Europe;  Asia. 

Ref.     Eaton,  15,  70.    Evans,  28,  171. 

Chiloscyphus  pallescens  (Ehrh.)  Dumort.  C,  ascendens 
Sulliv. 

On  rotten  Ic^s  and  shaded  banks.  May  and  June.  Litch- 
feld:  Salisbury,  Evans,  New  Haven:  Bethany  (1875), 
Eaton;  Hamden,  /.  A.  Allen;  Middlebury,  Evans;  New  Haven, 
Harger;  Orange,  Eaton;  Oxford,  Harger;  Woodbridge, 
Evans, 
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Ontario  to  British  Columbia,  south  to  New  England,  New 
York,  and  Indiana;  Europe;  Asia. 

Ref.    Eaton,  15,  70.    Evans,  28,  171 ;  31,  54. 

Harpanthus  Nees 

Harpanthus  scutatus  (Web.  f.  &  Mohr)  Spruce. 

On  rotten  logs.  Litchfield:  Salisbury,  Evans.  Tol- 
land: StaflFord,  Nichols,  New  Haven:  Branford  and 
Cheshire,  Evans;  Oxford  (1890),  Hat  get, 

Labrador  west  to  British  Columbia  and  south  to  Vir- 
ginia; Europe;  Asia. 

Ref.    Evans,  28,  171. 

Geocalyic  Nees 

Geocalyx  graveolens  (Schrad.)  Nees. 

On  rotten  logs,  banks,  and  shaded  rocks.  May  and  June. 
Litchfield:  New  Milford  and  Salisbury,  Evans,  Hart^ 
ford:.  Windsor,  Evans,  Tolland:  StaflFord,  Nichols. 
Windham:  Canterbury,  Mr^. //ad/ey.  Fairfield:  Redding, 
Miss  Haynes.  New  Haven  :  Beacon  Falls,  Evans;  Hamden, 
/.  A.  Allen;  New  Haven  (1867)*,  Veitch;  North  Branford  and 
North  Haven,  Evans;  Oxford,  Harger;  Woodbridge,  Eaton. 

Nova  Scotia  to  British  Columbia,  south  to  Virginia  and 
Washington;  Europe;  Asia.   , 

Ref.     Eaton,  15,  70.     Evans,  28,  171. 

Cephalozia  Dumort. 

1.  Stems  bounded  by  a  layer  of  enlarged  cortical  cells 2 

Stems  uniform  in  cell  structure;  lobes  of  leaves  obtuse  or 

obtusely  pointed    C.  fluitans 

2.  Leaves  inflated  at  the  base,  the  segments  ending  in  long 

slender  points  C.  curvifolia 

Leaves  not  inflated  at  the  base,  the  segments  acute  or 
acuminate   3 

3.  Leaves  not  decurrent,  symmetrical,  the  segments  straight 

or  scarcely  connivent  C.  bicuspidata 

Leaves  more  or  less  decurrent,  unsymmetrical,  the  seg- 
ments connivent 4 

4.  Leaf  cells  0.04-0.045  mm.  in  diameter C.  connivens 

Leaf  cells  0.02-0.03  mm.  in  diameter 5 
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5.    Leaf  cells  thin-walled;  segments  of  bracts  entire  or  spar- 
ingly laciniate C  lunnlsfolia 

Leaf  cells  with  uniformly  thickened  walls;  segments  of 
bracts  dentate  or  denticulate ^C  serrifloni 

Cephalozia  curvifolia  (Dicks.)  Dumort. 

On  rotten  logs.  May  and  June.  Litchfield:  Goshen, 
Underwood;  Salisbury,  Evans.  Hartford:  Windsor,  W.  E. 
Britton,  Fairfield:  Monroe  and  Newtown,  Harger.  New 
Haven:  Beacon  Falls,  Nichols;  Branford,  Evans;  Cheshire, 
Harger;  Hamden  (1877)  and  New  Haven,  /.  A.  Allen;  North 
Haven  and  Woodbridge,  Evans. 

Newfoundland  to  Ontario,  south  to  North  Carolina  and 
Minnesota;  Europe;  Asia. 

Ref.    Eaton,  15,  71.    Evans,  28,  171. 

Cephalozia  bicuspidata  (L.)  Dumort 

On  shaded  banks  and  rocks.  May  and  June.  Litch- 
field: Salisbury,  Nichols.  Tolland:  StaflEord,  Nichols. 
Fairfield:  Trumbull  (iSgi) ,  Evans.  New  Haven:  Beacon 
Falls,  Hamden,  Naugatuck,  and  Orange,  Evans. 

Greenland  to  Alaska,  and 'south  to  New  England,  Minne- 
sota, and  California;  Asia;  northern  Africa. 

Ref.  Eaton,  15,  71  (quoted  from  East  Haven).  Evans, 
a8, 171. 

Cephalozia  connivens  (Dicks.)  Lindb. 

In  swamps  and  wet  pastures.  May  and  June.  Litch- 
field: Salisbury,  Evans.  Fairfield:  Sherman,  Evans. 
New  Haven  :  East  Haven  and  Hamden,  Evans,  New  Haven 
(1867),  Eaton;  North  Branford,  Evans. 

Prince  Edward  Island  to  Ontario,  and  south  to  Florida; 
Europe;  Asia. 

Ref.     Eaton,  15,  71.    Evans,  28,  171.    Howe,  49,  282. 

Cephaloxia  lunulaef olia  Dumort. 

On  shaded  banks  and  rotten  logs.  May  and  June.  Litch- 
field: Salisbury  and  Woodbury,  Evans,  Hartford:  Wind- 
sor, Evans.  Tolland:  Bolton  and  StaflFord,  Nichols.  Fair- 
field :  Huntington  and  Redding,  Evans.  New  Haven  :  Bea- 
con Falls  and  Hamden,  Evans;  New  Haven  (1866),  Eaton; 
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North  Branford,  Evans;  North  Haven,  Nichols.  Middle- 
sex:  Durham,  Evans. 

Greenland  to  Alaska,  and  south  to  Florida,  Minnesota, 
and  California ;  Europe ;  Asia. 

Ref.    Evans,  a8,  171. 

Cephalozia  serriflora  Lindb.  C.  catenulata  of  some 
authors. 

On  rotten  logs.  New  Haven.:  New  Haven  (1892), 
E7/ans. 

Nova  Scotia  to  British  Columbia,  south  to  Florida  and 
Louisiam ;  Europe ;  Asia. 

Ref.     Evans,  28,  171;  30,  173. 

Cephalozia  fluitans  (Nees)  Spruce. 

In  wet  bogs.  Litchfield:  Salisbury  and  Woodbury, 
Evans.    New  Haven:  Bethany  (1888), //ar^^r. 

Labrador  to  British  Columbia,  south  to  New  Jersey,  Min- 
nesota, and  Washington;  Europe;  Asia. 

Exsic.    Underwood  &  Cook,  Hep.  Amer.  No.  154. 

Ref.    Evans,  aS,  171. 

Cephaloziella  (Spruce)  Schiffn. 

Dioicous   ; C.  divaricata 

Monoicous  (paroicous) C.  myriantha 

Cephaloziella  divaricata  (Sm.)  Schiffn.  Cephalozia  di- 
varicata Dumort. 

On  damp  banks,  sandy  soil,  and  focks.  May  and  June. 
Litchfield:  Goshen,  Underwood.  Hartford:  Hartford 
and  West  Hartford,  Miss  Lorens.  Tolland:  Vernon, 
Nichols.  Fairfield  :  Huntington  and  Redding,  Evans.  New 
Haven:  East  Haven,  Evans;  Hamden  (1877)  and  New 
Haven,  /.  A.  Allen;  North  Haven,  Evans;  Orange,  /.  A. 
Allen;  Oxford,  Harger;  Seymour,  Evans.  Middlesex  :  Mid- 
dlefield,  Evans. 

Greenland  to  Alaska,  south  to  Maryland,  Minnesota,  and 
California;  Europe;  Asia. 

Exsic.     Underwood  &  Cook,  Hep.  Amer.  No.  155. 

Ref.     Eaton,  15,  71.    Evans,  28,  171. 
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Cephaloziella  myriantha  (Lindb.)  Schiffn. 

On  sandy  soil  and  rocks.  Hartford:  East  Granby  and 
West  Hartford  (1907),  Miss  Lorenz, 

New  England  and  New  York;  range  in  North  America 
not  definitely  known;  Europe. 

Odontoschisma  Dumort. 

Leaves  bordered  by  one  to  three  rows  of  rectangular  cells; 

'    gemmae  none  O.  prostratimi 

Leaves  uniform  in  cell  structure;  gemmae  usually  abundant,, 
borne  at  the  tips  of  erect  shoots  with  rudimentary  leaves 

O.  denudatnm 

Odontoschisma  prostratum  (Sw.)  Trevis.  O.  Sphagni 
of  some  authors. 

In  swamps  and  bogs.  Hartford:  West  Hartford,  Miss 
Lorenz,  Tolland:  Columbia,  Weatherby,  Windham:  Can- 
terbury, Mrs.  Hadley.  New  Haven:  Hamden  (1866)  and 
New  Haven,  Eaton;  North  Branford,  Evans;  Oxford,  Harger. 
New  London:   Waterford,  Miss  Lorenz. 

Southern  New  England,  south  into  tropical' America. 

Ref.  Eaton,  15,  71.  Evans,  28,  172;  29,  344,  pi.  19,  f. 
42-54,  pi  20,  f.  55,  57,  59,  60,  63,  64. 

Odontoschisma  denudatum  (Mart.)  Dumort. 

On  rotten  logs,  more  rarely  on  shaded  banks.  Litchfield  : 
Salisbury,  Evans.  Hartford:  Windsor,  Evans.  Tolland: 
Bolton  and  StaflFord,  Nichols.  Windham  :  Canterbury,  Mrs. 
Hadley.  New  Haven:  Hamden,  O.  D,  Allen;  North  Bran- 
ford  (1881),/.^.  Allen. 

Greenland  to  Nova  Scotia  and  Ontario,  south  into  tropical 
America;  Europe;  Asia. 

Ref.     Evans,  28,  172;  29,  342,  pi.  19,  f.  35-38. 

Calypogeia  Raddi 

1.  Leaves   rounded   to  obtuse   at   the   apex,   rarely  bifid   or 

bidentate;  leaf  cells  with  a  smooth  cuticle 2 

Leaves  sharply  bidentate;  leaf  cells  with  a  minutely  striate- 
verruculose  cuticle  C.  Sullivantii 

2.  Leaf  cells  without  trigones 3 

Leaf  cells  with  small  but  distinct  trigones 4 
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3.  Plants  robust,  growing  on  banks,  earth  in  woods,  or  shaded 

rocks;  underleaves  bifid  about  one-third C.  Trichomanis 

Planjts  delicate,  growing  in  bogs,  underleaves  bifid  to  the 
middle  or  beyond  C.  tenuis 

4.  Growing  in  bogs;  leaves  spreading  at  an  angle  of  about  30** 

C.  sphagnicola 
Growing  on  rotten  logs;  leaves  spreading  at  an  angle  of 
about  45*  C.  suecica 

Calypogeia  Trichomanis  (L.)  Corda.  Kaniia  Tricho- 
manis S.  F.  Gray. 

On  shaded  banks  and  earth  in  woods.  May  and  June^ 
Litchfield:  Salisbury  and  Woodbury,  Evans,  Hartford: 
Windsor,  Evans.  Tolland  :  Bolton,  Nichols;  Coventry,  Mrs. 
Phelps;  Stafford  and  Vernon,  Nichols.  Windham:  Canter- 
bury, Mrs.  Hadley;  Windham,  Nichols.  Fairfield:  Hunt- 
ingdon, Evans;  Redding,  Miss  Haynes.  New  ^aven  :  Beacon 
Falls,  Evans;  Hamden  (1877),  /.  A.  Allen;  Meriden,  Nauga- 
tuck,  New  Haven,  and  Orange,  Evans.  Middlesex  :  Killing- 
worth,  Nichols.    New  London  :   Ledyard,  Nichols. 

Labrador  to  Alaska,  and  south  to  North  Carolina  and 
California;  Europe;  Asia. 

Ref.     Eaton,  15,  70.    Evans,  28,  171 ;  33,  70. 

Calypogeia  tenuis  (Aust.)  Evans. 

In  bogs.    Litchfield:  Woodbury  (1902),  £2/aMJ. 

New  Hampshire  to  New  Jersey. 

Ref.     Evans,  33»  69,  pi.  73,  f.  9-14. 

Calypogeia  sphagnicola  (Arn.  &  Perss.)  Wamst.  & 
Loeske. 

In  bogs.    Litchfield:    New  Milford  (1906),  Evans. 
The  only  known  locality  outside  of  Europe. 
Ref.     Evans,  33,  65. 
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Calypogeia  Sullivantii  Aust.    Kantia  Sullivantii  Underw. 

On  sandy  banks.  New  Haven  :  East  Haven,  Evans;  Mil- 
ford,  IVeatherby;  Woodbridge  (1890),  Evans.  New  Lon- 
don :  Waterford,  Miss  Lorens. 

Southern  New  England  to  North  Carolina  and  Arkansas. 

Ref.     Evans,  26,  212;  28,  171 ;  33,  67. 

Bazzania  S.  F.  Gray 

Plants  large,  the  leaves  often  2.5  mm.  long,  broadly  ovate, 
truncate  and  tridentate  at  the  apex B.  trilobata 

Plants  smaller,  the  leaves  mostly  0.7  to  1.2  mm.  long,  ovate, 
acute  or  irregularly  bidentate  or  tridentate  at  the  apex 

B*  tncrciuita 

Bazzania  trilobata  (L.)  S.  F.  Gray.  Mastigobryum  trilO' 
batutn  Nees. 

On  earth  in  woods  and  swamps,  on  shaded  banks,  and  on 
rotten  logs.  Autumn.  Litchfield:  Goshen,  Underwood; 
New  Milford  and  Salisbury,  Evans.  Hartford:  Canton, 
Nichols;  Glastonbury,  Mrs.  Lowe;  West  Hartford,  Miss 
Lorenjs.  Tolland:  Ellington  and  Stafford,  Nichols.  Wind-' 
ham:  Canterbury,  Mrs.  Hadley;  Windham,  Nichols.  Fair- 
field :  Redding,  Miss  Haynes.  New  Haven  :  Beacon  Falls 
and  Branford,  £z/an^; .  Hamden  (1855),  Eaton;  Naugatuck, 
Evans;  North  Haven,  Nichols;  Orange,  Eaton;  Oxford,  Har- 
ger;  Seymour,  Evans;  Woodbridge,  Hall.  Middlesex  :  Dur- 
ham and  Killingworth,  Evans.  New  London  :  Groton  and 
North  Stoningtpn,  C.  B.  Graves. 

Newfoundland  to  Ontario,  and  south  to  Alabama ;  Europe ; 
Asia'. 

Ref.    Eaton,  15,  70.    Evans,  28,  171. 

Bazzania  tricrenata  (Wahl.)  Trevis.  B.  triangularis 
(Schleich.)  Lindb.. 

On  shaded  rocks.  Litchfield:  Salisbury  (1892),  Evans. 
Fairfield:  Redding,  Evans.  New  Haven:  Beacon  Falls 
and  Naugatuck,  Evans. 

Nova  Scotia  to  Alaska,  and  south  to  North  Carolina  and 
Washington;  Europe;  Asia. 

Ref.    Evans,  28,  171. 


• 


No.    II.]  THE  BRYOPHYTES  OF  CONNECTICUT.  65 

Lepidozia  Dumort. 

1.  Leaves  divided  to  the  middle  or  a  little  beyond  into  three 

or  four  triangular  lobes L.  reptans 

Leaves   divided   almost  to  the  base  into   three  or  four 
setaceous  divisions 2 

2.  Underleaves  of  stem  mostly  quadrifid  with  subequal  di- 

visions; bracts  mostly  trifid  or  quadrifid L.  setacea 

Underleaves  of  stem  mostly  trifid,  one  or  two  of  the  di- 
visions regularly  aborted;  bracts  mostly  bifid L.  sylvatica 

Lepidozia  reptans  (L.)  Dumort. 

On  shaded  banks  and  rotten  logs.  May  and  June.  Litch- 
field: Goshen,  Underwood;  Salisbury,  Evans.  Hartford: 
Canton,  Nichols.  Windham:  Windham,  Nichols.  New 
Haven:  Beacon  Falls,  Evans;  Hamden,  Eaton;  Naugatuck, 
Evans;  New  Haven,  /.  A.  Allen;  North  Haven,  Evans; 
Orange  (1877),  /.  A.  Allen;  Oxford,  Harger;  Woodbridge, 
/.  A.  Allen. 

Newfoundland  to  Alaska,  and  south  to  Virginia,  Minne- 
sota, and  California;  Europe;  Asia. 

Ref.    Eaton,  15,  70.    Evans,  28,  172. 

Lepidozia'  setacea  (Web.)  Mitt.    L.  sphagnicola  Evans. 

In  bogs.  May  and  June.  New  Haven:  Bethany  (1892), 
Evans. 

Range  in  North  America  not  definitely  known;  Europe; 
Asia. 

Exsic.  Underwood  &  Cook,  Hep.  Amer.  No.  168  (as  L. 
sphagnicola). 

Ref.    Evans,  20,  308,  pi  162;  28,  172;  30,  186. 

Lepidozia  sylvatica  Evans.    L.  setacea  of  some  authors. 

On  shaded  banks  and  rotten  logs.  May  and  June.  Hart- 
ford: Manchester,  Miss  Lor  ens.  Tolland:  Stafford, 
Nichols.  Windham:  Canterbury,  Mrs.  Hadley.  New 
Haven:  East  Haven,  Evans;  Hamden  (1866)  Eaton;  Nau- 
gatuck, Evans;  New  Haven,  Veitch;  Orange,  Eaton;  Ox- 
ford, Harger.    Middlesex:   Killingworth,  Hall. 

New  England  to  Florida. 
5 
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Exsic.  Underwood  &  Cook,  Hep.  Amer.  No.  85  (as  L. 
setacea). 

Ref.    Eaton,  15,  70.    Evans,  28,  172;  30,  187,  pi.  37. 

Blepharostoma  Dumort. 

Blepharostoma  trichophyllum  (L.)  Dumort. 

On  shaded  banks  and  rocks,  also  on  rotten  logs.  May  and 
June.  Tolland:  Stafford,  Nichols.  Fairfield:  Sherman, 
Evans.  New  Haven  :  Beacon  Falls,  E/vans;  New  Haven, 
/.  A.  Allen;  Orange,  Evans.  Middlesex:  Killingworth 
(1875),  Ho//. 

Greenland  to  Alaska,  and  south  to  New  Jersey,  Colorado, 
and  California;  Europe;  Asia. 

Ref.    Eaton,  15,  70.    Evans,  28,  171. 

Ptilidium  Nees 

Stems  erect  or  ascending;  stem  leaves  distant  or  loosely 

imbricated  P.  dliare 

Stems  prostrate;    stem  leaves  densely  imbricated 

P.  pulcherrimuxn 

Ptilidium  ciliare  (L.)  Nees.    Blepharosia  ciliaru  Dumort. 

On  earth  among  rocks.  May  and  June.  .Litchfield: 
Cornwall  and  Goshen,  Underwood.  New  Haven:  East 
Haven,  Evans;  Hamden  (1877),  /.  A.  Allen;  Meriden,  Miss 
Lorem.  Middlesex  :  Durham,  Evans.  New  London  :  Nor- 
wich, C.  B.  Graces. 

Greenland  to  Alaska,  and  south  to  New  England  and  Min- 
nesota; Europe;  Asia. 

RfiF.    Eaton,  15,  70.    Evans,  28,  172;  32,  44. 

Ptilidium  pulcherrimuxn  (Web.)  Hampe.  Included  under 
P.  ciliare  by  many  writers. 

On  shaded  rocks,  trunks  of  trees,  and  rotten  logs ;  rarely 
on  banks  rich  in  humus.  May  and  June.  Litchfield  :  Corn- 
wall and  Goshen,  Underwood;  New  Milford  and  Salisbury, 
Evans.  Hartford:  Burlington  and  Canton,  Nichols;  Tol- 
land :  Ellington,  Pease;  Stafford,  Nichols.  Windham  :  Can- 
terbury,  Mrs.  Hadley.  Fairfield:  Redding  and  Sherman, 
Evans.    New  Haven:   Beacon  Falls,  Evans;  Bethany,  Ham- 
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den,  and  Meriden  (1856),  Eaton;  New  Haven,  North  Haven, 
and  Seymour,  Evans;  Woodbridge,  /.  A,  Allen.  Middlesex: 
Durham,  Evans. 

Nova  Scotia  to  Alaska,  and  south  to  Virginia,  Minnesota, 
and  Montana ;  Europe ;  Asia. 

Ref.    Evans,  32,  43. 

Trichocolea  Dumort. 

Trichocolea  tomentella  (Ehrh.)  Dumort. 

On  earth  and  banks  in  wooded  swamps.  Litchfield: 
Norfolk,  Miss  Lorenz;  Salisbury,  Evans,  Hartford  :  Wind- 
sor, Evans.  Fairfield:  Danbury,  Eaton.  New  Haven: 
Beacon  Falls  and  Branford,  Evans;  East  Haven,  Hamden, 
and  New  Haven  (1865),  Eaton;  Orange  and  Woodbridge, 
Evans.  Middlesex:  East  Haddam,  C.  B.  Graves;  Killing- 
worth,  Hali 

Newfoundland  to  Ontario,  and  south  to  North  Carolina; 
Europe ;  Asia. 

Ref.     Eaton,  15,  70.    Evans,  28,  173. 

Diplophylleia  Trevis. 

Ventral  lobe  apiqulate;  monoicous  (autoicous)....D.  apiculata 
Ventral  lobe  rounded;  dioicous D.  tazifolia 

Diplophylleia  apiculata  Evans.  Scapania  albicans  var. 
taxi  folia  (Wahl.)  Aust  Scapania  albicans  var.  taxi  folia  minor 
Aust 

On  shaded  banks,  more  rarely  on  rocks.  May  and  June. 
Litchfield  :  New  Mil/ord  and  Salisbury,  Evans.  Hartford  : 
Burlington  and  Canton,  Nichols;  Hartford,  Miss  Lorem.  Tol- 
land :  Bolton  and  Vernon,  Nichols.  Fairfield  :  Huntingdon, 
Evans;  Redding,  Howe.  New  Haven  :  Beacon  Falls,  Evans; 
Hamden,  O.  D.  Allen;  Madison,  Meriden,  Naugatuck,  North 
Haven,  Orange,  and  Se)rmour,  Evans;  Woodbridge,  Eaton. 
Middlesex:   Killingworth,  Hall  (1876). 

Southern  New  England  to  Georgia. 

Exsic.    Miss  Haynes,  Amer.  Hep.  No.  33. 

Ref.    Eaton,  15,  71.    Evans,  27,  373,  pi.  12.    28,  171. 


\ 


Digitized  by  VjOOQIC 


68  CONNECTICUT  GEOL.  AND  NAT.   HIST.   SURVEY.        [Bull. 

Diplophylleia  taxifolia  (Wahl.)  Trevis. 

On  shaded  rocks.  Litchfield:  Salisbury  (1890),  Evans. 
New  Haven  :  Branford,  Evans. 

Newfoundland  to  Alaska,  south  to  New  England,  Idaho, 
and  Washington;  Europe;  Asia. 

Ref.     Evans,  28,  171. 

Scapania  Dumort. 

1.  Ventral  lobe  obtuse,  acute,  or  apiculate,  mostly  entire 2 

Ventral  lobe  rounded 3 

2.  Growing  on  earth  or  rocks;  stems  usually  less  than  2  cm. 

long .' S.  curta 

Growing  in  bogs;  stems  mostly  2-10  cm.  long S.  irrigna 

3.  Growing  on  rocks  or  banks;   leaves  mostly  toothed  or 

ciliate   4 

Growing  on  wet  rocks,  usually  in  streams;  leaves  mostly 
entire,  the  dorsal  lobe  arching  beyond  stem;  4eaf  cells 
thin-walled  S.  undulata 

4.  Bright  screen,  varying  to  yellowish  or  brownish;  dorsal 

lobe   arching  beyond   stem;   leaf  cells   with   uniformly 
thickened  walls  except  near  base;  leaf  margins  mostly 

ciliate  S.  nemorosa 

More  or  less  tinged  with  red;  dorsal  fobe  scarcely  arching 
across  stem;  leaf  cells  with  thin  walls  but  with  more 
or  less  evident  trigones;  leaf  margins  mostly  dentate 

S.  denUU 

Scapania  curta  (Mart.)  Dumort. 

On  rocks.    New  Haven:   Meriden  (1907),  Miss  Lorens. 
Greenland  to 'Alaska,  south  to  Maryland  and  California; 
Europe;  Asia. 

Scapania  irrigua  (Nees)  Dumort. 

In  bogs.  Litchfield  :  Winchester,  Evans.  New  Haven  : 
Bethany  (1892),  Evans. 

Greenland  to  Alaska,  south  to  New  Jersey  and  British 
Columbia ;  Europe ;  Asia. 

Exsic.  Underwood  &  Cook,  Hep.  Amer.  No.  190  (Beth- 
any, F.  Betnent,  incorrectly  labeled,  "Lebanon,  Ct."). 

Ref.    Evans,  28>  172.    Miiller,  60,  80. 
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Scapania  nemorosa  (L.)  Dumort 

On  rocks  and  banks.  May  and  June.  Litchfield: 
Goshen,  Underwood;  Salisbury,  Evans.  Hartford:  Hartford, 
Miss  Lorens;  Southington,  Chamberlain.  Tolland:  Bolton, 
Stafford,  and  Vernon,  Nichols.  Windham  :  Plainficld,  Shel- 
don;  Windham,  Nichols.  Fairfield:  Bridgeport,  Miss  Lor- 
enz;  Huntington,  Evans;  Redding,  Miss  Haynes.  New 
Haven  :  Beacon  Falls,  Bethaiiy,  and  Branford,  Evans;  Ham- 
den,  Eaton;  Meriden  and  Naugatuck,  Evans;  New  Haven 
(185s),  Eaton;  Orange,  Evans;  Oxford,  Harger;  Seymour, 
Evans;  Woodbridge,  Hall.  Middlesex:  Killingworth  and 
Middletown,  Evans.    New  London:  Norwich,  C.  B.  Graves. 

Nova  Scotia  to  Alaska,  south  to  Georgia,  Louisiana,  and 
California;  Europe. 

Ref.    Eaton,  15,  71.    Evans,  28,  172.    Miiller,  60,  173. 

Scapania  dentata  Dumort  * 

On  damp  rocks.    Hartford:  Burlington  (1908),  Nichols. 

New  England,  Minnesota,  Montana,  British  Columbia,  and 
California;  Europe;  Asia;  range  in  North  America  not  defi- 
nitely known. 

Scapania  undulata  (L.)  Dumort. 

On  wet  rocks,  usually  in  streams.  Litchfield:  Salis- 
bury, Miss  Lorenz.  Windham:  Canterbury,  Mrs.  Hadley. 
Fairfield  :  Redding,  Miss  Haynes.  New  Haven  :  Beacon 
Falls,  A.  H.  Graves;  Hamden,  Eaton;  North  Branford,  Evans; 
Woodbridge  (1878),  /.  A.  Alien.  Middlesex:  Chester, 
Nichols.    New  London:  Montville,  C.  B.  Graves. 

Greenland  to  Alaska,  south  to  Florida,  Missouri,  and  Cali- 
fornia; Europe;  Asia.  , 

Ref.    Evans,  28,  173.    Miiller,  60,  133. 

Radula  Dumort. 

I.  Plants  pale  or  bright  green;  ventral  lobes  of  stem  leaves 
not  arching  across  axis,  attached  by  a  long  and  almost 
longitudinal  line;  leaf  cells  thin-walled  throughout  or 
with  very  indistinct  trigones;  monoicous  (usually  paroi- 
cous)    2 
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Plants  often  tinged  with  brown;  ventral  lobes  of  stem 
leaves  arching  partially  or  wholly  across  the  axis,  and 
attached  by  a  short  oblique  line;  leaf  cells  with  distinct 

trigones;  dioicous  R.  tenaz 

2.    Subfloral  innovations  usually  none R.  complanata 

Subfloral  innovations  single  or  double R.  obconica 

Radula  complanata  (L.)  Dumort. 

On  rocks  and  trunks  of  trees.  May  and  June.  Litch- 
field: Goshen,  Underwood;  New  Milford,  Evans.  Hart- 
ford: Windsor,  W.  E.  Britton.  Windham:  Canterbury, 
Mrs.  Hadley.  Fairfield:  Redding,  Miss  Haynes;  Sherman, 
Evans.  New  Haven:  Cheshire,  Harger;  Hamden  and  New 
Haven  (1866),  Eaton;  North  Haven,  Orange,  and  Seymour, 
Evans.    Middlesex:   Killing^orth  and  Middlefield,  Evans. 

Rep.     Eaton,  15,  70.    Evans,  28,  172. 

Quebec  to  Alaska,  south  to  Florida,  Louisiana,  and  Cali- 
fornia ;  Europe ;  Asia ;  northern  Africa. 

Radula  obconica  SuU. 

On  shaded  rocks  in  ravines.  Fairfield:  Redding,  Evans. 
New  Haven:  Hamden  (1891),  Evans;  Oxford,  Harger. 
Middlesex:   Killingworth,  Nichols. 

Connecticut  west  to  Ohio  and  south  to  Georgia. 

Ref.      Evans,  26,  213;  28,  172. 

Radula  tenajt  Lindb. 

On  shaded  rocks.  Litchfield:  Salisbury,  Miss  Lorens; 
Fairfield:  Redding,  Miss  Haynes.  New  Haven:  Bran- 
ford  and  Naugatuck  (1890),  Evans. 

New  England  to  North  Carolina. 

Ref.    Evans,  28,  172. 

Porella  (DiU.)  L. 

1.  Ventral  lobes  lingulate-oblong,  closely  appressed  to  the 

stem  or  to  the  dorsal  lobes' P.  pinnata 

Ventral  lobes  broadly  ovate  to  oblong 2 

2.  Ventral  lobes  slightly  or  not  at  all  decurrent;  underleaves 

contiguous  or  slightly  imbricated P.  platyphylla 

Ventral  lobes  long-decurrent;  underleaves  distant.. P.  rivularis 
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Porella  pinnata  L.    Madotheca  Porella  Dumort. 

On  stones  and  trunks  of  trees,  subject  to  inundation. 
Litchfield:  Goshen,  Underwood.  Hartford:  Granby, 
Nichols,  Fairfield:  Danbury,  Nichols;  Greenwich,  Miss 
Haynes;  Redding,  Evans.  New  Haven  :  Cheshire,  Nichols; 
East  Haven  (1859),  Eaton;  Hamden,  /.  A.  Allen;  New 
Haven,  Eaton;  North  Branford  and  Orange,  Evans.  Mid- 
IX.ESEX:   Killingworth,  Hall;  Middlefield,  Evans.  v 

Nova  Scotia  to  Ontario,  south  to  Georgia  and  Louisiana; 
Europe. 

Exsic    Underwood  &  Cook,  Hep.  Amer.  No.  9. 

Ref.    Eaton,  15,  70.    Evans,  28,  172. 

Porella  plat)rphylla  (L.)  Lindb.  Madotheca  platyphylla 
Dumort. 

On  shaded  rocks  and  trunks  of  trees.  May  and  June. 
Litchfield:  Goshen,  Underwood;  New  Milford  and  Salis- 
bury, Evans.  Hartford:  Southing^on,  Chamberlain;  Wind- 
sor, W.  E.  Britton.  Tolland  :  Bolton,  Stafford,  and  Vernon, 
Nichols.  Windham:  Canterbury,  Mrs.  Hadley;  Killingly, 
Rounds;  Plainfield,  Sheldon;  Windham,  Nichols.  Fair- 
field: Danbury,  Eaton;  Redding,  Miss  Haynes;  Sherman, 
Evans.  New  Haven:  Bethany,  East  Haven,  and  Hamden 
(1858),  Eaton;  Meriden,  Evans;  New  Haven,  Eaton;  Orange, 
Evans;  Oxford,  Harger.  Middlesex:  Killingworth,  Hall. 
New  London  :  East  Lyme,  C.  B.  Graves. 

Nova  Scotia  west  to  Alaska  and  south  to  Georgia  and  Mis- 
souri ;  Europe ;  Asia ;  northern  Africa. 

Ref.    Eaton,  15,  70.    Evans,  28,  172.    Howe,  47,  522. 

Porella  rivularis  (Nees)  Trevis. 

On  shaded  rocks.    New  Haven:  Cheshire  (1856),  Eaton. 
Connecticut  and  Ohio,  south  to  Texas  and  New  Mexico, 
west  to  C^ifomia,  British  Columbia,  and  Alaska;  Europe. 
Ref.    Barbour,  6,  35.    Evans,  28,  172.    Howe,  47,  520. 

Cololejeunea  (Spruce)  Schiffn. 
Cololejeunca    Biddlecomiae    (Aust)    Evans.     Lejeunea 
echinata  and  L.  calcarea  of  some  authors. 
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On  rocks  and  trees.  May  and  June.  Litchfield:  Goshen, 
Underwood;  Salisbury,  Evans.  Hartford:  Manchester  and 
West  Hartford,  Miss  Lorenz.  Fairfield:  Sherman,  Nichols. 
New  Haven:  Bethany,  Evans;  Hamden  (1877)  and  New 
Haven,  /.  A,  Allen. 

New  England  to  Ontario,  south  to  Florida  and  Alabama. 

Ref.    Eaton,  15,  70.    Evans,  25,  169;  28,  171. 

Lejeunea  Libert 

Lejeunea  cavifolia  (Ehrh.)  Lindb.    L.  serpyllifolia  Libert. 

On  shaded  rocks  and  trees.  .  May  and  June.  Litchfield: 
Salisbury,  Nichols.  Fairfield:  Redding  and  Trumbull, 
Evans.  New  Haven:  Branford,  Evans;  Hamden  and  New 
Haven,  /.  A.  Allen;  Orange,  Evans;  Oxford,  Harger;  Sey- 
mour, Evans.  Middlesex:  Killingworth  (1875),  Hall;  Mid- 
dletown,  Evans. 

New  England  west  to  Ontario  and  Minnesota  and  south 
to  Pennsylvania;  Europe;  Asia. 

Ref.    Eaton,  15,  70.    Evans,  25,  152;  28,  171. 

Leucolejeunea  Evans 

Leucolejeunea  cljrpeata  (Schwein.)  Evans.  Phragmi- 
coma  clypeata  Nees.    Archilejeunea  clypeata  Schiffn. 

On  rocks  and  trees.  May  and  June.  Litchfield:  New 
Milford  and  Salisbury,  Evans.  Fairfield:  Redding,  Evans. 
New  Haven  :  Cheshire,  Harger;  Hamden,  /.  A.  Allen;  Meri- 
den.  Miss  Lorenz;  New  Haven  and  North  Haven,  Evans; 
Oxford,  Harger;  Seymour  and  Woodbridge,  Evans.  Mid- 
dlesex:  Killingworth  (1875),  Ho//. 

Southern  New  England  and  New  York,  south  to  Georgia 
and  Louisiana. 

Ref.  Barbour,  t,  29.  Eaton,  15,  70.,  Evans,  25,  124,  pL 
16,  f.  I'll;  28,  171. 

Jubula  Dumort. 
Jubula  pennsylvanica    (Steph.)    Evans.      Frullania  and 
Jubula  HutchinsicB  of  some  authors. 


No.    II.]  THE  BRYOPHYTES  OF  CONNECTICUT.  73 

On  damp,  often  dripping,  rocks.  Litchfield:  Goshen, 
Underwood;  Salisbury,  Evans.  Hartforp:  Windsor,  Evans. 
Tolland:  Stafford,  Nichols.  Windham:  Canterbury,  Mrs. 
Hadley;  Windham,  Nichols.  Fairfield:  Redding,  Miss 
Haynes.  New  Haven:  Beacon  Falls  and  Cheshire,  Evans; 
Derby,  /.  A.  Allen;  Hamden  (1866),  Eaton;  Naugatuck, 
Evans;  Woodbridge,  Hall.    Middlesex  :  Middlctown,  Evans. 

Nova  Scotia  to  Georgia  and  Tennessee. 

Exsic.  Underwood  &  Cook,  Hep.  Amer.  No.  100  (as 
/.  Hutchinsue  var.  Sullivantii) .  Miss  Haynes,  Amer.  Hep. 
No.  34. 

Ref.    Eaton,  15,  69.    Evans,  28,  171 ;  31,  56. 

FruUania  Raddi 

I.    Ventral  lobes  about  as  broad  as  long;  leaves  without  ocelli      2 
Ventral  lobes  distinctly  longer  than  broad;  leaves  with 
ocelli    6 

3.    Underleaves  cordate  at  base F.  plana 

Underleaves  not  cordate  at  base 3 

3.  Leaves  strongly  squarrose  when  moist F.  squarrosa 

Leaves  scarcely  or  not  at  all  squarrose 4 

4.  Ventral  lobes  usually  explanate F.  riparia 

Ventral  lobes  usua'lly  inflated 5 

5.  Underleaves  dentate  or  crenate  above  the  middle.  .F.  Brittonue 
Underleaves  entire  or  unidentate  on  the  sides.. F.  eboracensis 

6.  Dorsal  lobes  rounded  or  very  obtuse F.  Asagrajrana 

Dorsal  lobes  more  or  l^ss  sharp-pointed F.  Tamarisci 

Frullania  riparia  Hampe. 

On  shaded  rocks,  especially  limestone.  Litchfield:  New 
Milford,  Evans;  Salisbury,  Nichols.  Fairfield:  Sherman 
and  Trumbull  (1891),  Evans.    New  Haven:  Orange,  Evans. 

New  England  to  Minnesota,  south  to  Tennessee;  Europe; 
Asia. 

Ref.    Evans,  22,  pi.  5,  f.  i,  4,  5;  28,  171. 

Frullania  squftrosa  (R.  Bl.  &  N.)  Dumort. 
On  rocks  and  trees.    New  Haven:   East  Haven  (1890), 
Evans. 
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Connecticut  to  Ohio,  and  south  into  the  tropics  of  South 
America ;  Asia ;  Africa ;  Australia. 

Ref.    Barbour,  5,  4.    Evans,  aa,  15;  a8,  171. 

Frullania  Brittoniae  Evans. 

On  rocks  and  trees.  May  and  June.  JLitchfield:  New 
Milford,  Evan^.  New  Haven  :  Hamden,  /.  A.  Allen;  Meri- 
den,  Evans;  New  Haven  (1866),  Eaton. 

New  England  west  to  Illinois,  south  to  Virginia. 

Ref.    Barbour,  5,  5.    Evans,  aa,  16,  pL  J,  f.  1-12;  a8,  171. 

Frullania  eboracensis  Gottsche.  Including  F.  virginica 
Gottsche. 

On  trees  and  rocks.  May  and  June.  Litchfield:  Corn- 
wall, Green;  Goshen,  Underwood;  New  Milford  and  Salis- 
bury, Evans.  Tolland:  Stafford  and  Vernon,  Nichols. 
Windham  :  Canterbury,  Mrs. .  Hadley;  Plainfield,  Sheldon. 
Fairfield:  Greenwich,  Miss  Haynes;  Huntington,  Nichols; 
Sherman,  Emns.  New  Haven:  Bethany,  Evans;  East 
Haven,  Eaton;  Hamden,  Hall;  Milford,  Harger;  New  Haven 
(1866),  Eaton;  North  Haven,  /.  A.  Allen;  Orange,  Eaton; 
Oxford,  Harger;  Woodbridge,  Eaton.  Middlesex:  Chester 
and  Killing^orth,  Nichols.  New  London:  Groton,  C.  B. 
Graves;  Ledyard,  Nichols. 

Nova  Scotia  to  Manitoba,  south  to  Florida. 

Ref.    Eaton,  15,  69.    Evans,  a8,  171 ;  3a,  44. 

Frullania  plana  SuU. 

On  shaded  rocks.  New  Haven:  Woodbridge  (1890), 
Evans. 

Connecticut  and  New  York,  south  to  New  Jersey  and 
Tennessee. 

Ref.    Barbour,  4,  5.    Evans,  aa,  20;  a8,  171. 

Frullania  Asagrayana  Mont  Sometimes  called  F. 
Grayana. 

On  rocks  and  trees.  Litchfield  :  New  Milford  and  Salis- 
bury, Evans.    Tolland  :  Stafford,  Nichols.    Windham  :  Can- 
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terbury,  Mrs,  Hadley,  Fairfield:  Redding  and  Sherman, 
Evans.  New  Haven:  East  Haven,  Madison,  and  Meriden, 
Evans;  New  Haven  (1855),  Eaton;  Orange  and  Woodbridge, 
Harger.    Middlesex:    Killingworth,  Hall. 

Newfoundland  to  Ontario,  south  to  Georgia: 

Ref.     Eaton,  15,  69.    Evans,  28,  171. 

FruUania  Tamarisci  (L.)  Dumort. 

On  rocks  and  trees.  New  Haven:  Seymour  (1904), 
Evans. 

Newfoundland  to  Connecticut;  Europe;  Asia.  Range  hot 
definitely  known  in  North  America. 

Ref.    Evans,  33,  72. 

ORDER   ANTHOCEROTALES 
FAMILY  ANTHOCEROTACE.E 

Capsule  scarcely  projecting  beyond  the  basal  sheath;  wall 
without  stomata Notothylas 

Capsule  projecting  far  beyond  the  basal  sheath;  wall  with 
distinct  stomata  Anthoceros 

Notothylas  Sull. 

Notothylas  orbicularis  (Schwein.)  Sull.    N.  vdvata  Sull. 

On  moist  soil.  Aug.-Nov.  Litchfield:  Goshen,  Under- 
wood. New  Haven  :  Cheshire  and  East  Haven,  Evans;  Ham- 
den  (1877)  and  New  Haven,  O.  D.  Allen;  Orange,  Evans. 
Middlesex:  Middlefield,  Evans.  New  London:  Norwich, 
Setchell 

New  England  to  Indiana,  south  to  North  Carolina;  South 
America  (Galapagos  Islands) ;  Europe. 

Exsic.    Underwood  &  Cook,  Hep.  Amer.  No.  65. 

Ref.     Eaton,  15,  69.    Evans,  28,  173.    Howe,  48,  22. 

Anthoceros   (Mich.)   L. 

Spores  yellow A.  levis 

Spores  dark  brown  or  black A.  ponctatus 

Anthoceros  levis  L. 

On  moist  ground  and  damp  or  wet  rocks.  Aug.-Nov. 
Litchfield:    Goshen,  Underwood.    New  Haven:    Hamden 
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(i8ss),  Eaton;  New  Haven,  /.  A,  Allen;  North  Branfofd, 
"Evans;  Oxford,  Harger;  Woodbridge,  Eaton.,  Miih>lessx: 
Cromwell,  Evans.    New  London:   Lisbon,  Mrs.  Hadley. 

New  England  and  Ontario,  south  to  the  Gulf  States  and 
Mexico  and  west  to  Iowa;  Europe;  Asia. 

Ref.    Eaton,  15,  69-    Evans,  a8,  173. 

Anthoceros  punctatus  L. 

On  damp  ground.  Aug.-Nov.  Litchfield:  Goshen, 
Underwood.  Windham  :  Plainfield,  Sheldon.  New  Haven  : 
East  Haven,  North  Branford,  and  Orange,  Evans;  Oxford, 
Harger;  Woodbridge  (1879),  /.  A.  Allen.  Middlesex:  Mid- 
dlefield,  Evans. 

Nova  Scotia  to  Ohio,  south  to  Florida  and  Louisiana; 
Europe. 

Ref.    Evans,  a8,  173.    Howe,  48,  16. 

[SubdaM  MuMd] 

ORDER  SPHAGNALES 
FAMILY  SPHAGNACE^ 

Sphagnum  (Dill.)  L. 

1.  Cortical  cells  of  stem  and  branches  without  spiral  fibrils; 

branch  leaves  mostly  truncate  and  toothed  or  fringed  at 

the  apex  a 

Cortical  cells  of  stem  and  branches  with  spiral  fibrils  and 
pores;  branch  leaves  densely  imbricated,  cucullate  at  the 
apex,  not  truncate,  entire  (Cymbifoua,  p.  80) aB 

2.  Branches  in  fascicles  of  3-6 3 

Branches  in  fascicles  of  7-14;  chlorophyll  cells  of  branch 

leaves  elliptical  in  cross  section  and  enclosed  toward 
both  surfaces  of  the  leaf  by  the  hyaline  cells*  (Polyclaoa, 
p.  81) S.  Wttlfianum 

3.  Chlorophyll  cells  mostly  triangular  to  trapezoidal  in  cross 

section,  either  free  at  both  surfaces  of  the  leaf  or 
enclosed  toward  one  leaf  surface  by  the  hyaline  cells, 
but  always  with  the  base  free  toward  one  of  the  two 
leaf  surfaces   4 


*  What  is  said  here  regarding  the  form  and  position  of  the  chlorophyll  celli 
refers  always  to  median  cross  sections  of  leaves  taken  from  the  middle  of  one  of 
the  spreading  branches. 
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Chloi-ophyll  cells  elliptical,  spindle-shaped,  or  rectangular 
in  cross  section,  not  triangular  or  trapezoidal  (except  in 
S.  dasyphyllum) 20 

4.  Base  toward  the  iftner  surface  of  the  leaf;  hyaline  cells 

strongly  convex  toward  the  outer  surface;  branch  leaves 

erect  (AcuTiFOUA,  p.  83) 5 

Base  toward  the  outer  surface  of  the  leaf;  hyaline  cells 
usually  strongly  convex  toward  the  inner  surface 13 

5.  Stem  leaves  lacerate-fringed  at  the  broadly  rounded  apex, 

without  fibrils  .*....... 6 

Stem  leaves  more  or  less  truncate  and  toothed  at  the  apex, 
not  \  fringed   7 

6.  Stem  leaves  broadened  above,  spatulate,  apex  and  upper  - 

margins  fringed ;  monoicous  S.  fimbriatuin 

Stem  leaves  not  broadened  above,  Ungulate,  fringed  only 
at  the  apex;  dioicous S.  Girgensohnii 

7.  Stem  leaves  lingulate,  fibrils  usually  absent,  though'  some- 

times present  in  the  upper  part  of  the  leaf 8 

Stem  leaves  triangularly  lingulate  to  equilaterally  tri- 
angular, usually  with  fibrils- 10 

8.  Plants  usually  red,  never  brown 9 

Plants  usually  brown,  never  red;  pores  as  in  S.  IVamstorHi; 

stem  leaves  without  fibrils S.  fascom 

9.  Pores  present  on  outer  surface  of  the  branch  leaves,  small, 

rounds  and  situated  in  the  cell  angles;  stem  leaves  with- 
out fibrils  S.  Wamstorfii 

Pores  present  on  outer  surface  of  the  lower  branch  leaves, 
large,  more  or  less  semicircular,  and  situated  along  the 
lateral  margins  of  the  cells;  stem  leaves  frequently  with 
fibrils    S.  rubellum 

10.  Branch  leaves  when  dry  distinctly  S-ranked;  outer  wall  of 

cortical  cells  in  stem  often  with  irregular  pores  in  the 

upper  ends  of  the  cells S.  quinquefarium 

Branch  leaves  when  dry  not  arranged  in  distinct  rows. ...     11 

11.  Stem   leaves  with   fibrils   and  pores;   branch   leaves   not 

glossy  when  dry  12 

Sten}  leaves  mostly  without  fibrils  or  pores;  branch  leaves 
glossy  when  dry;  cortical  cells  of  stem  seldom  with 
pores;  hyaline  cells  of  stem  leaves  usually  2-6-septate 

S.  subnitens 

12.  Outer  wall  of  cortical  cells  in  stem  often  with  irregular 

pores  in  the  upper  ends  of  the  cells;  hyaline  cells  of 
stem  leaves  not  divided,  or,  if  so,  uniseptate.  .S.  acutifolium 
Cortical  cells  in  stem  without  pores;  hyaline  cells  of  stem 
leaves  copiously  divided  by  oblique  walls S.  tenerum 
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13.  Chlorophyll  cells  narrowly  trapezoidal  or  rectangular  in 

cross  section,  free  at  both  surfaces,  but  with  the  surface 

walls  strongly  thickened  (Squarrosa,  p.  81) 14 

Chlorophyll  cells  with  the  free  walls  scarcely,  if  at  all, 
thickened;  branch  leaves  erect-spreading*  (Cuspidata,  p. 
82)  .15 

14.  Plants  large,  monoicous;  branch  leaves  mostly  squarrose 

from  the  middle S.  squarrosum 

Plants  medium-sized,  dioicous;  branch  leaves  more  or  less 
imbricated,  not  squarrose   . . . ! S.  teres 

15.  Chlorophyll  cells  triangular  in  cross  section,  often  enclosed 

toward  the  inner  leaf  surface  by  the  hyaline  cells 17 

Chlorophyll  cells  trapezoidal  in  cross  section  and  free  on 
both  surfaces    16 

16.  Pores  numerous  on  outer  surface  of  the  branch  leaves, 

frequently  large  and  usually  in  rows S.  Dusenii 

Pores '  mostly  lacking  on  outer  surface  of  the  branch 
leaves,  when  present,  small  and  restricted  to  the  angles 
of  the  cells   .' S.  cuspidatum 

17.  Cortex  well  differentiated  from  the  central  strand 18 

Cortex  not  well  differentiated  from  the  central  strand 19 

18.  Stem  leaves  lacerate-f ringed  at  the  apex S.  Pulchricoma 

Stem  leaves  to6thed  at  the  apex S.  Torreyanum 

19.  Pores  on  outer  surface  of  the  branch  leaves  in  the  apical 

half  restricted  to  the  angles  of  the  cells S.  recurvum 

Pores  on  outer  surface  of  the  branch  leaves Jn  the  apical 
half  occurring  in  the  angles  and  also  along  the  lateral 
margins   of  the   cells S.  parvifolium 

20.  Chlorophyll  cells  enclosed  toward  one  or  both  surfaces  of 

the  leaf  by  the  hyaline  cells,  elliptical  or  spindle-shaped 
in    cross    section;    branch    leaves    squarrose    from    the 

middle  (Rigida,  p.  Si) 21 

Chlorophyll  cells  free  toward  both  surfaces  of  the  leaf; 
branch  leaves  more  or  less  secund  or  falcate  (Sub- 
secunda,  p.  85) 22 

21.  Chlorophyll  cells  elliptical  in  cross  section  and  enclosed 

toward   both   leaf  surfaces   by   the   hyaline   cells 

S.  compactum 
Chlorophyll    cells    spindle-shaped    in    cross    section    and 
enclosed  toward  the  inner  surface  of  the  leaf  by  the 
hyaline   cells;   the   outer  wall   free,   but  very   strongly 
thickened   S.  Garberi 


*  S,  dasyphyllum  may  be  looked  for  here. 
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22.  Chlorophyll  cells  trapezoidal  in  cross  section;    the  walls 

not  thickened,  arid   the  broad  base   toward   the   outer 
surface  of  the  leaf;  hyaline  cells  strongly  convex  toward 

the  inner  surface  S.  dasyphyllum 

Chlorophyll  cells  barrel-shaped  to  rectangular  in '  cross 
section,  equally  free  toward  both  surfaces,  and  with  the 
free  walls  usually  thickened  23 

23.  Cortex  of  stem  consisting  of  2-several  layers  of  cells..'..     24 
Cortex  of  stem  consisting  of  one  layer  of  cells 25 

24.  Stem   leaves   small,   not  more  than   i   mm.   long,   fibrils 

present  only  near  the  apex;  branch  leaves  secund 

S.  contortum 
Stem  leaves  larger,  1.5-2  mm.  long,  fibrils  usually  abundant 
throughout;  branch  leaves  not  secund S.  platsfphyllum 

25.  Branch  leaves  with  many  pores,  at  least  on  the  outer 

surface;  pores  frequently  in  bead-like  rows 26 

Branch  leaves  with  very  few  or  no  pores S.  obesum 

26.  Pores  few  or  lacking  on  the  inner  surface 27 

Pores  numerous  on  both  surfaces,  especially  on  the  outer; 

stem  leaves  1-2  mm.  long S.  rufescens 

27.  Stem  leaves  less  than   i  mm.  long,  hyaline  cells  rarely 

septate   S.  subsecunduxn 

Stem  leaves   1-1.5  mm.  long,  hyaline  cells  often  septate 

S.  inundatum 

28.  Chlorophyll  cells  of  branch  leaves   usually  free  toward 

both  surfaces  of  the  leaf 29 

Chlorophyll  cells  of  branch  leaves  enclosed  by  the  hyaline 
cells,  equidistant  from  both  surfaces  of  the  leaf,  and 
elliptical  in  cross  section;  hyaline  cells  smooth  or 
faintly  papillose  on  the  lateral  walls S.  medium 

29.  Chlorophyll  cells  triangular  or  trapezoidal  in  cross  section, 

the  base  toward  the  inner  surface  of  the  leaf  and  not 
thickened;   hyaline   cells    strongly  convex   toward   the 

outer  surface 30 

Chlorophyll  cells  more  or  less  elliptical  in  cross  section, 
cell  cavity  almost  central,  and  both  surface  walls 
strongly  thickened;  hyaline  cells  more  strongly  convex 
toward  the  outer  surface  of  the  leaf  than  toward  the 

inner  surface,  and  papillose  on  the  lateral  walls 

S.  papUlosum 

30.  Chlorophyll  cells  broadly  triangular  to  trapezoidal;  hyaline 

cells  with  irregular  bands  of  thickeninfe  on  the  lateral 

walls    S.  imbricatum 

Chlorophyll  cells  narrowly  triangular;  hyaline  cells  smooth 
on  the  lateral  walls S.  cymbifolium 
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Cymbifolia 

Sphagnum  imbricatum  Homsch. ' 
.  Hartford:  Canton,  Nichols.   Tolland:  Stafford,  ^icAoii. 
Windham:   Thompson,  Miller.    New  Haven:   East  Haven 
and  New  Haven  (1891),  Evans.    New  London:  Voluntown, 
Mtiler. 

Var.  affine  (Ren.  &  Card.)  Wamst 

Litchfield:  Salisbury,  Nichols.  Tolland:  Stafford, 
Nichols.  Windham:  Canterbury,  Mrs.  Hadley.  New 
Haven:  Beacon  Falls,  Nichols;  East  Haven  (1875),  Eaton; 
Hamden,  New  Haven,  North  Haven,  Orange,  and  Wood- 
bridge,  Evans.  Middlesex:  Killingworth,  Nichols.  New 
London:  Ledyard,  Nichols. 

Var.  subleve  Wamst 

Litchfield »  Salisbury,  Nichols.  New  Haven:  New 
Haven  (1891),  Evans. 

Newfoundland  and  Labrador  to  Alaska,  south  to  Louisi- 
ana ;  Europe ;  Asia. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  No.  154  (var. 
affine). 

Ref.    Andrews,  i,  62. 

Sphagnum  cymbifolium  Ehrh. 

Litchfield:  Salisbury,  Nichols.  Tolland:  Ellington, 
Pease.  Fairfield:  Norwalk,  Harger.  New  Haven:  Beth- 
any and  Branford,  Eaton;  East  Haven  and  Hamden,  Evans; 
New  Haven  (1878),  Eaton;  Oxford,  Harger.  New  Lon- 
don :  Waterford,  Miss  Lorens. 

Var.  squarrosulum  Nees  &  Homsch. 

New  Haven:  Branford,  Eaton;  East  Haven  (1891), 
Evans;  Hamden,  Eaton. 

Newfoundland  and  Labrador  to  Alaska,  south  to  Florida 
and  British  Columbia ;  a  cosmopolitan. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  Nos.  156,  157 
(var.  glaucescens) ,  160,  and  161  (var.  pallescens). 

Ref.    Andrews,  i,  62.    Eaton,  15,  68. 

Sphagnum  papillosum  Lindb. 

Tolland:  Stafford,  Nichols.  New  Haven:  East  Haven 
(1891),  Evans. 
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Arctic  America,  Canada,  and  the  norAem  United  States; 
Europe;  Asia;  Azores. 

Sphagnum  teres  (Schimp.)  Aongstr. 

Tolland  :  Bolton  ( 1906) ,  Nichols.  New  Haven  :  Cheshire, 
Nichols, 

Arctic  America,  Canada,  and  the  northern  United  States ; 
Europe;  Asia. 

CUSPIDATA 

Sphagnum  Pulchricoma  C.  Mull. 

New  London  :  Ledyard  (1884),  C  B.  Graves;  Voluntown, 
MUler. 

Connecticut  to  Florida  and  Louisiana;  South  America; 
Africa. 

Sphagnum  Torre]ranum  SuU.  S,  cuspidatum  var.  Torrey- 
anum  Braithw.  and  var.  miquelonense  Ren.  &  Card. 

New  Haven:  Branford  (1891),  Evans.  New  London: 
Voluntown,  Miller. 

Ref.    Andrews,  i,  62. 

Sphagnum  recurvum  Beauv. 

Litchfield:  Salisbury,  Nichols;  Woodbury,  Harger. 
New  Haven:  East  Haven  and  Hamden  (1891),  Evans; 
Oxford,  Harger. 

Var.  ambljrphyllum  (Russ.)  Wamst 

Litchfield  :  Salisbury,  Nichols.  New  Haven  :  Bethany, 
Evans;  East  Haven,  Eaton;  Hamden  (1880),  /.  A.  Allen. 

Newfoundland  and  Labrador  to  Alaska,  south  to  the  Gulf 
of  Mexico;  a  cosmopolitan. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  Nos.  104- 
(var.  mucronatum)  and  107  (var.  amblyphyllum) .  Wamstorf, 
Eur.  Torfm.    Serie  IV,  No.  263  (var.  mucronatum). 

Ref.    Andrews,  i,  63. 

Sphagnum  parvifolium  (Sendt.)  Wamst. 
Litchfield:    Salisbury  (1907),  Nichols. 
Probably  has  the  same  range  as  S.  recurvum. 
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Sphagnum  Dusenii  C.  Jens. 
Litchfield:   Salisbury  (1907),  Nichols. 
Newfoundland  and  Quebec  to  Connecticut  and  New  York; 
Europe;  Asia. 

Sphagnum  cuspidatum  Ehrh. 

Frequently  submerged.  Litchfield:  Salisbury,  Nichols; 
Woodbury,  Harger.  New  Haven:  Bethany,  Eaton;  East 
Haven,  Evans;  Hamden  (1880),  O.  D.  Allen;  Oxford,  Harger. 

Var.  falcatum  Russ. 

New  Haven:    Bethany  and  Hamden  (1892),  Evans. 

Var.  plumosum  Nees  &  Homsch. 

New  Haven:   Bethany  and  Hamden  (1891),  Evans. 

Newfoundland  to  the  Gulf  of  Mexico;  a  cosmopolitan. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  Nos.  93  (var. 
falcatum),  96  (var.  submersutn) ,  and  97  (var.  plumosum). 

Ref.    Andrews,  i,  62. 

ACUTIFOLIA 

Sphagnum  fimbriatum  Wils. 

New  Haven:   Hamden  (1891),  Evans. 

Arctic  America,  Canada,  and  the  northern  United  States; 
South  America;  Europe;  Asia. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  No.  11  (var. 
tenne). 

Ref.    Andrews,  i,  62. 

Sphagnum  Girgensohnii  Russ. 

Litchfield:  Norfolk  (1875),  Eaton;  Salisbury,  Nichols. 
New  Haven  :  Hamden,  O.  D.  Allen. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe;  Asia. 

Ref.    Andrews,  i,  62.    Cardot,  11,  305. 

Sphagnum  rubellum  Wils.  S.  tenellum  (Schimp.) 
Klinggr. 

Litchfield:  SdAishury,  Nichols.  New  Haven:  Bethany 
(1892),  Evans;  Oxford,  Harger. 
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Newfoundland  and  Labrador  to  Connecticut,  westward  to 
Alaska ;  Europe. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  Nos.  29  and  31 
(var.  versicolor), 

Ref.     Andrews,  i,  63.    Cardot,  11,  409.    Eaton,  18,  3. 

Sphagnum  Wamstorfii  Russ. 

Litchfield:  Salisbury,  Nichols,  Tolland:  Stafford, 
Nichols.  Windham:  Canterbury,  Mrs.  Hadley.  New 
Haven:   Hamden  (1891),  Evans;  Middlebury,  Harger. 

Newfoundland  to  Connecticut,  westward  to  the  Pacific: 
Europe. 

Ref.     Andrews,  i,  63.    Cardot,  11,  419. 

Sphagnum  fiiscum  (Schimp.)  Klinggr. 
New  Haven:   New  Haven  (1893),  Eaton. 
Canada  and  the  northern  United  States;  Europe. 
Exsic.    Eaton  &  Faxon,  Sphag.  Bor.-Amer.  No.  35. 
Ref.    Andrews,  i,  62.    Eaton,  18,  3. 

Sphagnum  quinquefarium  (Lindb.)  Wamst. 
New  Haven:  Hamden  and  New  Haven  (1890),  Evans, 
Newfoundland  to  Connecticut,  and  southward  along  the 
Alleghany  Mountains;  Europe. 

Ref.     Cardot,  11,  366.    Eaton,  18,  3. 

Sphagnum  subnitens  Russ.  &  Wamst. 

New  Haven:  Hamden  (1891),  Evans;  New  Haven, 
Ealon, 

Var.  flavicomans  (Card.)  Wamst 

New  Haven:  Bethany,  East  Haven  (1891),  and  New 
Haven,  Evans, 

Newfoundland  to  New  Jersey;  Alaska;  Azores;  Europe; 
Asia;  the  variety  found  only  in  North  America. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer,  Nos.  51  (var. 
Aavicotnans)  and  54  (var.  obscurum). 

Ref.    Andrews,   i,  63   (var.  Hcfuicomans) .     Cardot,   11, 

399- 
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Sphagnum  tenerum  (Aust.)  Warnst. 

New  Haven:  East  Haven  and  Hamden  (1891),  Evans; 
New  Haven,  Eaton. 

Newfoundland  to  New  Jersey;  Europe. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  No.  60. 
Warnstorf,  Eur.  Torfm.  Serie  IV,  No.  363. 

Ref.    Andrews,  i,  63.    Cardot,  11,  410. 

Sphagnum  acutifolium  Ehrh. 

Litchfield:  Salisbury,  Mrs.  Phelps.  Hartford:  Canton, 
Nichols.  Tolland  :  Stafford,  Nichols.  New  Haven  :  Bethany, 
Eaton;  Branford,  East  Haven,  and  Hamden,  Evans;  New 
Haven  (1865),  Eaton;  Oxiord,  Harger. 

Throughout  North  America ;  Europe. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  Nos.  40  (var. 
rubrum),  44  (var.  versicolor),  48  (var.  viride),  and  50  (var. 
roseum). 

Ref.     Andrews,  i,  62. 

Subsecunda 

Sphagnum  dasyphyllum  Warnst. 

New  Haven:  New  Haven  (1891),  Evans.  This  is  the 
only  known  locality. 

Exsic.    Warnstorf,  Eur.  Torfm.  Serie  IV,  No.  338. 

Ref.  Andrews,  i,  62.  Cardot,  11,  287.  Eaton,  18,  7. 
Paris,  61,  1 189 ;  6a*,  273.  Renauld  &  Cardot,  65,  68.  Warn- 
storf, 78,  176. 

Sphagnum  obesum  (Wils.)  Warnst 

Usually  submerged  or  floating.  Litchfield:  Woodbury, 
Harger.  New  Haven:  Branford  (1891)  and  Hamden, 
Evans;  Oxiord,  Harger;  Woodbridge,  Et/ans. 

New  Hampshire  to  Virginia;  Europe. 

Exsic.     Eaton  &  Faxon,  Sphag.  Bor.-Amer.  No.  127. 

Ref.    Andrews,  i,  63.    Cardot,  11,  344.    Paris,  6a*,  289. 

Sphagnum  contortum  Schultz.     S.  laricinum  Spruce. 

Litchfield:  Woodbury,  Harger.  New  Haven:  New 
Haven  (1891),  North  Branford,  and  Orange,  Evans;  Oxford, 
Harger;  Prospect,  Eaton;  Woodbridge,  Evans. 
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Massachusetts  to  Pennsylvania  and  probably  southward; 
Europe. 

Exsic.    Eatcm  &  Faxon,  Sphag.  Bor.-Amer.  No.  141. 
Ref.    Andrews,  i,  62.    Cardot,  11,  320. 

Sphagnum  plat3rphylhim  (Lindb.)  Wamst. 
New  Haven:  New  Haven  (1891),  Evans. 
Massachusetts  to  Ohio;  Europe. 
Ref.    Andrews,  i,  63. 

Sphagnum  subsecundum  Nees. 

Tolland:  Ellington  (1S76),  Pease.  Windham:  Thomp- 
son, MUler.  Fairfield:  Danbury,  Nichols.  New  Haven: 
Branford,  Cheshire,  East  Haven,  Hamden,  and  Orange,  Evans; 
Oxford,  Eaton. 

Newfoundland  to  Ohio  and  Alabama ;  Europe ;  Asia. 

Exsic.  Eaton  &  Faxon,  Sphag.  Bor.-Amer.  Nos.  130  (var. 
macropkyUum)  and  134  (var.  mesophyUum). 

Ref.    Andrews,  i,  63. 

Sphagnum  inundatum  Russ. 

Litchfield:  Salisbury,  Nichols.  Tolland:  Stafford, 
Nichols.  Fairfield:  Stratford  (1906),  Nichols.  MmoLE- 
SEX:   KilHngworth,  Nichols. 

Range  probably  the  same  as  that  of  5.  subsecundum. 

Sphagnum  rufeacens  (Nees  &  Homsch.)     Wamst. 
Frequently  submerged.     New  Haven:    Hamden   (1891) 
and  New  Haven,  Evans;  Oxford,  Eaton;  Woodbridge,  Evans. 
Newfoundland  and  Labrador  to  Alabama;  Europe. 
Exsic.    Eaton  &  Faxon,  Sphag.  Bor.-Amer.  Nos.  142  and 

143. 

Ref.    Andrews,  i,  63.    Eaton,  18,  7. 

ORDER  ANDREiEALES 

FAMILY  ANDRE;EACEiE 

Andreaea  Ehrh. 

Midrib  present A.  Rothii 

Midrib  wanting A.  petrophila 
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Andreaea  petrophila  Ehrh. 

On  non-calcareous  rocks  in  mountainous  or  hilly  regfions. 
Summer.      Hartford:     Bloomfield,    Miss    Lorenz,      New 
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7.  Leaves    smooth,    eroso-denticnlate    at    the    apex 

Acaulon,  p.  108 
Leaves  papillose,  entire   Phaacum,  p.  108 

8.  Peristome,  when  present,  with  articulate  teeth 9 

Peristome  teeth  not  articulate S3 

g.    Peristome  present  10 

Peristome  none  48 

la    Leaves  in  2  ranks,  clasping  at  the  base,  and  with  a  promi- 
nent dorsal  wing tl 

Leaves  in  3  or  more  ranks,  not  clasping  at  the  base  or 
winged  12 

11.  Plants  flaccid,  aquatic,  floating  Octodkeras»  p.  105 

Plants  not  flaccid,  sometimes  submerged,  but  not  floating 

Fissideiis,  p.  103 

12.  Leaves   with   a   single   layer   of  small   chlorophyll   cells 

enclosed  by  two  or  more  layers  of  large  hyaline  cells 

Lencobryam,  p.  102 
Leaves  mostly  with  a  single  layer  of  uniform  cells 13 

13.  Peristome   single,   consisting   of   16  or   32   teeth;    teeth 

usually  without  a  median  longitudinal  line  on  the  outer 

surface    14 

Peristome  double,  the  outer  more  or  less  thickened  and 
consisting  of  16  teeth,  the  inner  thin  and  divided  into 
segments  or  cilia  or  both;  teeth  with  a  distinct  median 
longitudinal  line  on  the  outer  surface 33 

14.  Capsule  with  8  longitudinal  ridges  of  differentiated  cells 

Rhabdoweisiat  p.    99 
Capsule    smooth    or,    when    plicate,    the    epidermis    of 
uniform  cell  structure  15 

15.  Peristome  teeth  with  very  minute  longitudinal  striations 

on  the  outer  surface 16 

Peristome  teeth  without  longitudinal  Btriations  on  the 
outer  surface,  smooth  or  papillose 19 

16.  Alar  cells  large,  hyaline  or  brown 17 

Alar  cells  not  differentiated 18 

17.  Leaves  tufted;  capsule  distinctly  strumose;  monoicous.. 

Oncophoms,  p.    99 
Leaves  regularly  secund;   capsule   not  strumose   or  ob- 
scurely so;  dioicous  DicFUtum,  p.  100 

18.  Lamina  of  leaves  strongly  papillose Dicbodonliinn,  p.    99 

Lamina  of  leaves  smooth IMcnnella,  p.    98 

19.  Peristome  distinctly  twisted,  teeth  32 20 

Peristome  not  twisted,  teeth  16,  often  deeply  cleft 22 
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20.  Midrib  with  2  median  guides,  upper  band  of  stereid  cells 

lacking    Tortula,  p.  109 

Midrib  with   several    (4-8)    median   guides   and   2  bands 
of  stereid  cells  21 

21.  Leaf  margins  revolute,  at  least  below  the  middle 

Barbula,  p.  108 
Leaf  margins  plane,  not  revolute Tortella,  p.  107 

22.  Calyptra  mitrate    23 

Calyptra  cucullate  27 

23.  Calyptra  plicate    24 

Calyptra  not  plicate   25 

24.  Calyptra  smooth;  teeth  distantly  articulate 

Gl3fphomitrium,  p.  no 
Calyptra  hairy;  teeth  closely  articulate ...  Ortfaotrichum,  p.  113 

25.  Beak  long,  clavate  Bncalypta  ciliata,  p.  no 

Beak  apiculate  to  aciculate 26 

26.  Teeth  narrowly  cleft  nearly  to  the  base . .  Racomitrium,  p.  112 
Teeth  subentire,  cribrose  or  irregularly  cleft.  .Grimmia,  p.  in 

27.  Teeth  of  peristome  arising  from  a  distinct  basal  membrane    28 
Teeth  of  peristome  not  arising  from  a  basal  membrane 31 

28.  Teeth  short;  leaves  papillose  on  upper  surface 

Didjrmodon,  p.  108 
Teeth  long;  leaves  mostly  smooth 29 

29.  Capsule  inclined,  distinctly  plicate  when   dry;   leaf  cells 

roundish  quadrate  above   Ceratodon,  p.    97 

Capsule  erect,  smooth  or  slightly  plicate  when  dry;  leaf 
cells  more  or  less  elongated  above 30 

30.  Leaves  glaucous  Saelania,  p.    97 

Leaves  bright  or  dark  green,  glossy Ditrichum,  p.    96 

31.  Plants  growing  on  trees Dnimmondia,  p.  113 

Plants  growing  on  earth  or  rocks 3a 

32.  Leaf  margins  strongly  involute  above,  entire. .  .Wciaia,  p.  106 
Leaf  margins  plane,  minutely  crenulate.  .Trichostomum,  p.  107 

33.  Inner  peristome  without  a  basal  membrane 34 

Inner  peristome  with  a  distinct  carinate  basal  membrane . .     37 

34.  Calyptra  cucullate    Funaria,  p.  1 17 

Calsrptra  mitrate 35 

35.  Calyptra    not    plicate,    smooth,    entirely    enclosing    and 

extending  below   the   base   of  the   capsule 

Encalypta  contorta,  p.  no 
Calyptra  plicate,  usually  hairy  and  partially  enclosing  the 
capsule 36 
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36.  Leaves  usually  crispate  when  dry,  base  oval;  stomata  in 

neck  of  capsule,  always  superficial .Ulota,  p.  115 

Leaves  not  crispate  when  dry,  base  not  oval;  stomata  in 

neck  and  upper  part  of  capsule,  mostly  immersed 

Orthotrichum,  p.  113 

37.  Capsule  distinctly  ribbed  when  dry 38 

Capsule  smooth,  not  ribbed  when  dry 41 

38.  Capsule  ovoid-cylindrical   Aulacomnium,  p.  125 

Capsule  subglobose    39 

39.  Cilia  well  developed PhUonotis,  p.  127 

Cilia  none,  or  very  rudimentary 40 

40.  Leaf  cells  smooth   Plagiopus,  p.  126 

Leaf  cells  papillose  Bartramia,  p.  127 

41.  Leaves  papillose  on  upper  surface Timmia,  p.  127 

Leaves  smooth  4^ 

42.  Inner   peristome   2-3    times    as    long   as    the   outer,   cilia 

rudimentary Meesea,  p.  126 

Inner  peristome  about  as  long  as  the  outer,  cilia  well 
developed    43 

43.  Cilia  appendiculate   44 

Qlia  smooth  or  nodose,  not  appendiculate 46 

44.  Leaf  cells  narrow,  linear-rhomboidal  above 

Leptobryum,  p.  117 
Leaf  cells  rhomboidal-hexagonal,  never  linear 45 

45.  Plants  stoloniferous;  capsules  clustered.  ..Rhodobrsmm,  p.  120 
Plants  not  stoloniferous;  capsules  borne  singly.  .Bryum,  p.  119 

46.  Upper  leaves  ovate;  cells  broadly  polygonal,  never  linear 

Mnium,  p.  121 
Upper  leaves  linear-lanceolate;  cells  narrowly  polygonal 
to  linear  above  47 

47.  Leaves  glaucous  green;  annulus  none Mniobrsmm,  p.  118 

Leaves   green   to   golden   yellow,   often   glossy;   annulus 

present  Pohlia,  p.  118 

48.  Plants  growing  on  rocks  or  in  crevices 49 

Plants  growing  on  earth 51 

49.  Leaves  without  a  midrib;  stalk  less  than  i  mm.  long;  lid 

apiculate    Hedwigia,  p.  128 

Leaves  with  a  midrib;  stalk  2-10  mm.  long;  lid  rostrate 50 

50.  Usually   growing   on    calcareous    rocks;    capsule   smooth 

Hymenostyliiun,  p.  106 
Usually  growing  on  non-calcareous  rocks;  capsule  ribbed 

Anoectangium,  p.  112 
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51.  Leaf    cells     isodiametric     above     the     middle;     calyptra 

cucullate    : Pottia,  p.  109 

Leaf  cells  elongated  above  the  middle;  calyptra  mitrate  52 

52.  Stalk  almost  lacking Aphanorrhegma,  p.  117 

Stalk  long  (to  2  cm.) Physcomitrium,  p.  117 

53.  Capsule  S3rmmetrical  or  nearly  so 54 

Capsule  strikingly  unsymmetrical  57 

54.  Teeth  of  peristome  4 Georgia,  p.  172 

Teeth  of  peristome  32  or  64 55 

55-     Calyptra  cucullate,  nearly  smooth Catharinaea,  p.  172 

Calyptra  mitrate,  densely  hairy 56 

56.  Capsule  without  stoma ta,  cylindrical Pogonatum,  p.  174 

Capsule  with  stomata,  prismatic  or  cylindrical 

Polytrichum,.p.  174 

57.  Capsule  sessihe;  leaves  green  and  conspicuous.  .Webera,  p.  171 
Capsule  raised  on  a  thick,  red  stalk;  leaves  colorless  and 

very  minute  Buxbaumia,  p.  172 

[Pleurocarpi] 

1.  Leaves  distichous   Fissidens,  p.  103 

Leaves  in  3  or  more  ranks 2 

2.  Segments  of  inner  peristome  rudimentary  or  filiform,  not 

split;  cilia  none 3 

Segments  of  inner  peristome  distinctly  carinate,  often  split 

along  the  keel 10 

3.  With  a  distinct,  carinate  basal  membrane,  segments  very 

rudimentary;  leaves  papillose Thelia,  p.  135 

Without  a  basal  membrane;  leaves  smooth  or  nearly  so..  4 

4.  Segments   connected,   at  least   in   the   apical    region,    by 

transverse  bands   5 

Segments  entirely  free,  sometimes  very  rudimentary 6 

5.  Leaves  with  an  excurrent  midrib Dicheljmia, .  p.  130 

Leaves  without  a  midrib Fontinalis,  p.  128 

6.  Leaves  complanate,  transversely  undulate Neckera,  p.  131 

Leaves  spreading,  not  transversely  undulate 7 

7.  Plknts   soft,   often   forming  wide,  velvety   tufts;   capsule 

strikingly  contracted  below  the  mouth  when  dry 

Anacamptodon,  p.  134 
Plants  coarse,  growing  in  lax,  frequently  pendent  tufts; 

capsule  not  contracted  below  the  moutd  when  dry 8 

8.  Leaves  with  a  midrib 9 

Leaves  without  a  midrib Leucodon,  p.  130 
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9.     Branches  terete;  capsule  immersed CrypYutaL,  p.  ijo 

Branches  flattened;  capsule  emergent  on  a  short  stalk 

Porrstroemia,  p.  131 

ID.    Leaves  mostly  rough-papillose 11 

Leaves  smooth,  rarely  slightly  papillose  at  the  cell  angles,  ti 

11.  Capsule  symmetrical,  erect  or  nearly  so 12 

Capsule  unsymmetrical,  arcuate  16 

12.  Leaves  with  a  midrib,  margin  usually  entire 13 

Leaves  without  a  midrib 15 

13.  Midrib  extending  nearly  to  apex  of  leaf 14 

Midrib  vanishing  at  middle  of  leaf  or  below 

Haplohsnnenium,  p.  136 

14.  Primary  stem  stoloniform;  stem  leaves  minute 

Anomodon,  p.  137 
Stem  not  stoloniform;  stem  and  branch  leaves  uniform 

Leskea,  p.  138 

15.  Plants  glaucous  green,  branches  julaceous;  leaves  closely 

imbricated;  cilia  two Mjfiirella,  p.  136 

Plants    light    green,    branches    slightly   flattened;    leaves 

loosely  appressed;  cilia  none Schwetschkeopais,  p.  132 

16.  Monoicous    17 

Dioicous    , ao 

17.  Stem  and  branch  leaves  differing  in  size  and  shape;  leaf 

cells  with  several  minute  papillae 18 

Stem  and  branch  leaves  similar  in  size  and  shape;  leaf 

cells  with  one,  rarely  two  papillae,  or  smooth 19 

18.  Lid   short-rostrate;   paraphyllia   multiform Rania,  p.  139 

Lid  long-rostrate;  paraphyllia  simple Thuidium,  p.  140 

19.  Leaf  cells  smooth  or  lightly  papillate;  plants  of  swampy 

woods  or  meadows Elodium,  p.  142 

Leaf  cells  strongly  papillate  on  both  surfaces;  plants  of 

moist  woods  Haplocladium,  p.  139 

20.  Stem  and  branch  leaves  similar  in  size  and  shape;  para- 

phyllia mostly  lacking Claopodium,  p.  140 

Stem  and  branch  leaves  differing  in  size  and  shape;  para- 
phyllia numerous  Thuidium,  p.  140 

21.  Stem. erect   from  a  creeping  caudex,  dendroid;   capsules 

clustered  22 

Stem  prostrate  or  ascending;  capsules  borne  singly 23 

22.  Cilia  lacking  Climacium.  p.  170 

Cilia  well  developed,  appendiculate Thamnium,  p.  171 
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23.  Capsule  symmetrical,  erect  or  nearly  so;  inner  peristome 

without  cilia   24 

Capsule  unsymmetrical,  more  or  less  inclined  and  curved; 
inner  peristome  arising  from  a  broad  basal  membrane; 
cilia  well  developed 29 

24.  Branches  strongly  complanate;  leaves  cultriform 

Homalia,  p.  132 
Branches  terete  or  somewhat  flattened;  leaves  ovate  to 
lanceolate  25 

25.  Segments  cither  partially  or  wholly  lining  the  teeth,  basal 

membrane  lacking  or  obscure 26 

Segments  entirely  free  from  the  teeth 27 

26.  Leaves  with  a  midrib;  stalk  rough Homalothecium,  p.  134 

Leaves  without  a  midrib;  stalk  smooth Pylaisia«  p.  133 

27.  Basal  membrane  broad  and  distinct 

Pylaisia  dubdenticulata,  p.  134 
Basal  membrane  very  narrow,  or  lacking 28 

28.  Stem  oval  in  cross-section;  capsule  3-4  mm.  long 

Entodon,  p.  132 
Stem  round  in  cross-section;  capsule  1.5-2.5  mm.  long;  an- 
nulus  several  cells  broad Platygjrrium,  p.  132 

29.  Midrib  single 30 

Midrib  double  or  furcate,  frequently  short  or  lacking 42 

30.  Lid  more  or  less  long-rostrate 31 

Lid  conical  to  short- rostrate 33 

31.  Leaves  spreading  or  imbricated 32 

Leaves  complanate  Rhynchostegium,  p.  150 

32.  Leaves    very    concave,    spoon-shaped,    abruptly    filiform- 

acuminate  Cirriphyllum,  p.  147 

Leaves    plane    or    slightly    concave,    acute    or    gradually 
acuminate    Eurynchium,  p.  148 

33.  Leaves  obtuse,  apiculate,  or  acute 34 

Leaves  acuminate  36 

34.  Large  mosses  (6-20  cm.),  growing  in  swamps;  stem  leaves 

2-3.5  ^^'  long,  spreading  or  imbricated ...  CaUiergon,  p.  166 
Medium-sized  mosses   (3-8  cm.),  growing  on  rocks  and 
earth   in  or   along   streams;   leaves   0.6-1.6  mm.   long, 
frequently  secund   35 

35.  Midrib  strong,  disappearing  abruptly  just  below  apex  of 

leaf  Amblystegium  fluviatile,  p.  157 

Midrib  faint,  vanishing  near  middle  of  leaf,  frequently 

forked  Hygrohjrpnum,  p.  169 

36.  Leaves  secund   37 

Leaves  equally  spreading 39 
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37.  Leaves  strongly  transversely   undulate Rhjrtidium,  p.  160 

Leaves  not  transversely  undulate 58 

38.  Paraphyllia  numerous   Cratoneuron,  p.  159 

Paraphyllia  lacking   Drepanocladus,  p.  167 

39.  Capsule    oblong-ovoid;    stem    leaves    much    larger    than 

branch   leaves    Brachythecium,  p.  143 

Capsule  oblong-cylindrical;  leaves  mostly  uniform  in  size  40 

40.  Stem  densely  tomentose,  erect;  leaves  glossy 

Camptothecium,  p.  142 

Stem  not  densely  tomentose;  leaves  rarely  glossy 41 

41.  Stem  prostrate  and  irregularly  branched;  rhizoids  mostly 

numerous    Amblystegium,  p.  155 

Stem  prostrate  or  ascending;  rhizoids  few 

ChryBohjrpniim,  p.  158 

42.  Leaves  complanate   43 

Leaves  not  complanate  44 

43.  Leaves   decurrent;  basal  areolation  lax,   alar  cells  often 

more  or  less  enlarged Plagiothecium,  p.  152 

Leaves  not  at  all  or  very  slightly  decurrent;  basal  cells 

scarcely  differentiated   Isopterygium,  p.  151 

44.  Operculum  long-rostrate   Sematophyllum,  p.  150 

Operculum  conical  to  short-rostrate 45 

45.  Leaves  obtuse  or  apiculate,  rarely  acute 46 

Leaves  acuminate    48 

46.  Leaves  usually  more  or  less  secund,  gradually,  narrowed 

above  to  an  obtuse  or  rarely  acute  apex;  mosses  growing 

on  dripping  or  wet  rocks Hygrohypnum,  p.  169 

Leaves  imbricated  or  spreading,  with  a  broad  rounded  apex  47 

47.  Mosses  growing  in  swamps;  stem  with  an  outer  layer  of 

large  hyaline  cells  Acrocladium,  p.  167 

Mosses  growing  in  dry  woods;  stem  bright  red,  cortical 

cells  small  Hypnum,  p.  166 

48.  Leaves  secund,  falcate  or  circinate 49 

Leaves  mostly  spreading 51 

49.  A  large  moss  (8-20  cm.),  very  regularly  pinnate,  frondi- 

form;  leaves  multiplicate,  smooth;  paraphyllia  humerous 

Ptilium,  p.  162 
Medium-sized    mosses    (i-io    cm.),    irregularly    pinnate; 
leaves  scarcely  or  not  at  all  plicate;  paraphyllia  few  or 

none  50 

50.  Leaves  sharply  serrate,  papillose Ctenidium,  p.  161 

Leaves  entire  or  serrulate,  smooth Stereodon,  p.  162 
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51.  Alar  cells  inflated Plagiothecium  striatellum,  p.  154 

Alar  cells  not  inflated,  frequently  quadrate,  rectangular,  or 

oblong   , S3 

52.  Annual  growth  regularly  marked  off Hylocomium,  p.  161 

Annual  growth  not  clearly  defined 53 

53.  Leaves  erect-spreading    54 

Leaves  squarrose    55 

54.  Plants  medium-sized,  forming  loose,  spreading  tufts;  para- 

phyllia  numerous  and  large Heterophyllon,  p.  165 

Plants  small,  forming  thin,  depressed  mats;   paraphyllia 
lacking    Amblystegiella,  p.  I54 

55.  Plants  robust;  stems  0.5-0.9  mm.  in  diameter;  leaves  3-5  mm. 

long;  capsules  broadly  ovoid Rhytidiadelphus,  p.  160 

Plants  robust  or  slender;  stems  0.1-04  mm.  in  diameter; 

leaves  1-3  mm.  long;  capsules  cylindrical 

Chrysohypnum,  p.  158 

FAMILY  ARCHIDIACE^ 
Archidium  Brid. 
Archidium  ohioense  Schimp. 

On  the  ground  in  meadows  and  fields.  Spring.  New 
Haven:  Orange  (1881),  O.  D.  Allen. 

Throughout  the  eastern  United  States  and  westward  to 
the  Rocky  Mountains. 

FAMILY  DICRANACEiE 

Bruchia  Schwaegr. 

Capsule  ovoid,  neck  short B.  flezuosa 

Capsule  elongated,  neck  long B.  SuUivantii 

Bruchia  flexuosa  (Schwaegr.)  C.  Mull. 

Clayey  ground  in  fields.  Spring.  Windham:  Canter- 
bury, Mrs.  Hadley.  New  Haven:  East  Haven,  Nichols; 
New  Haven  (1878),  /.  A.  Allen;  Woodbridge,  Eaton. 

New  England  to  Minnesota,  south  to  the  Gulf  States. 

Ref.     Eaton,  15,  72. 

Bruchia  SuUivantii  Aust. 

Clayey  or  sandy  gpround  in  fields.  Spring.  New  Haven  : 
New  Haven  (1890),  Evans. 

New  England  to  Florida,  west  to  Missouri  and  Louisiana. 
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Pleuridium  Brid. 

Leaves  spreading,  upper  leaves  long-subulate.  .P.  alteniiloliiim 
Leaves  of  sterile  shoots  closely  appressed,  upper  leaves  of 
fertile  shoots  abruptly  short-pointed P.  Sullivaiitfi 

Pleuridium  altemifolium  (Dicks.)  Rabenh. 

Moist  clayey  or  sandy  soil  in  fields  and  ditches.  Spring. 
New  Haven  :  East  Haven,  /.  A.  Allen;  Hamden  and  New 
Haven  (1874),  Eaton. 

New  England  to  Wisconsin,  south  to  the  mountains  of 
Alabama;  Europe;  Asia. 

Exsic.    Holzinger,  Musd  Aero.  Bor.-Amer.    No.  227. 

Ref.    Eaton,  15,  61. 

Pleuridium  SuUivantii  Aust 

Lig^t,  sandy  soil  in  fields.  Spring.  New  Haven  :  Orange 
ii88o),0.  D.Allen. 

Connecticut  to  South  Carolina. 

Ditrichum  Timm 

1.  Monoicous;  stalk  yellow;  fruiting  in  June D.  palfidnm 

Dioicous;  stalk  red;  fruiting  in  autumn 2 

2.  Stem  leaves  imbricated;  perichaetial  leaves  long-sheathing 

D.  vaginans 
Stem  leaves  spreading;  perichxtial  leaves  scarcely  sheath- 
ing     D.  tortile 

Ditrichum  vaginans  (SuU.)  Hampe.  Leptotrichum  vagp- 
nans  Schimp. 

Moist,  sandy  or  loamy  ground  in  hilly  regions.  Autumn. 
Litchfield:  Salisbury,  Nichols.  Windham:  Canterbury, 
Mrs.  Hadley.  Fairfield:  Danbury,  Nichols.  New  Haven: 
Hamden,  O.  D.  Allen;  New  Haven  (1855),  Eaton. 

New  Brunswick  to  North  Carolina,  west  to  Missouri; 
Europe. 

Ref.    Eaton.  15.  62. 

Mm  tortUe 

1.    Hart- 
>lton  and 
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Stafford,  Nichols.  Windham:  Canterbury,  Mrs.  Hadley. 
Fairfield:  Darien,  Mrs,  Lowe;  Huntington,  Nichols.  New 
Haven:  Hamden,  Evans;  Meriden,  Nichols;  New  Haven 
(1855),  Eaton;  Orange,  Nichols.  Middlesex:  Chester, 
Nichols.    New  London:   Waterford,  C.  B.  Graves. 

Newfoundland  and  Labrador  to  Minnesota,  south  to  the 
Gulf  States;  Europe;  Asia;  Africa. 

Ref.     Eaton,  15,  62. 

Ditrichiun  pallidum  (Schreb.)  Hampe.  Leptotrichum 
pallidum  Hampe. 

Bare  earth  in  the  woods.  June.  Litchfield:  Salisbury, 
Nichols.  Hartford:  Southing^on,  Chamberlain.  Tolland: 
Andover,  Weatherby;  Bolton,  Miss  Lorenz.  Windham  :  Can- 
terbury, Mrs.  Hadley.  Fairfield  :  Darien,  Mrs.  Lowe;  Sher- 
man and  Stratford,  Nichols.  New  Haven:  Beacon  Falls, 
Nichols;  East  Haven,  Evans;  Hamden  (1867),  New  Haven, 
and  North  Haven,  Eaton;  Orange,  Nichols;  Woodbridge, 
/.  A,  Allen.  New  London  :  Ledyard  and  North  Stonington, 
C.  B.  Granges. 

Ontario  to  the  Gulf  of  Mexico,  west  to  Kansas;  Europe; 
Asia;  Africa, 

Ref.    Eaton,  15,  62. 

Saelania    Lindb. 

Saelania  glaucescens  (Hedw.)  Broth.  5*.  ccesia  (Vill.) 
Lindb. 

Earth  and  crevices  of  rocks,  especially  limestone,  in  moun- 
tainous or  hilly  regions.  Summer.  Litchfield:  Salisbury, 
Evans.  Fairfield  :  Monroe,  Miss  Lorenz;  Sherman,  Nichols. 
New  Haven:  New  Haven  (1878),  /.  A.  Allen;  Oxford,  Miss 
Lorenz. 

Greenland  and  Labrador  to  the  Middle  Atlantic  States, 
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Mrs,  Phelps.  Hartford:  Bloomfield  and  Hartford,  Miss 
Lorenz,  Tolland:  Stafford,  Nichols.  Windham:  Canter- 
bury, Mrs.  Hadley.  Fairfield:  Bridgeport,  Eames;  Darien, 
Mrs.  Lowe;  Fairfield,  Eames;  Huntington,  Nichols.  New 
Haven:  Cheshire  and  Madiscm,  Nichols;  New  Haven  (1855), 
Eaton;  North  Haven,  /.  A.  Allen;  Orange,  Evans;  Oxford, 
Harger.  Middlesex  :  Killingworth,  Nichols.  New  London  : 
Ledyard,  Nichols;  Waterford,  C.  B.  Graves. 

Throughout  North  America;  a  cosmopolitan. 

Ref.  Eaton,  15,  62.  Mrs.  Lowe,  54  (incorrectly  deter- 
mined as  C.  minor  Aust). 

Dicranella  Schimp. 

I.     Capsule  plicate  when  dry;  epidermis  composed  of  narrow 

cells;  stalk  yellowish D.  heteromalla 

Capsule  always  smooth;  epidermis  composed  of  quadrate 

cells;  stalk  reddish 2 

a.    Capsule  cemuous D.  varia 

Capsule  erect  D.  ruf cscens 

Dicranella  heteromalla  (L.)  Schimp.  Dicranum  hetero- 
mallum  Hedw. 

Qayey,  non-calcareous  soil  in  open  woods.  Autumn. 
Litchfield  :  Salisbury,  Gilman.  Hartford  :  Southington, 
Chamberlain.  Tolland:  Stafford,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley;  Windham,  Nichols.  Fairfield: 
Darien,  Mrs.  Lowe;  Huntington,  Nichols.  New  Haven: 
East  Haven  (1877)  and  Hamden,  /.  A.  Allen;  Madison, 
Nichols;  New  Haven,  O.  D.  Allen;  Orange,  /.  A.  Allen; 
Woodbridge,  Eaton.  Middlesex:  Killingworth,  Nichols. 
New  London  :   East  Lyme  and  New  London,  C.  B.  Graves. 

Newfoundland  to  Louisiana,  westward  to  the  Pacific; 
Europe ;  Asia, 

Ref.    Eaton,  15,  61. 

DicraneUa  rufescens  (Dicks.)  Schimp. 

Wet  clayey  soil.  Autumn.  Hartford  :  Wethersfield,  Mrs. 
Lowe.  Fairfield  :  Darien,  Mrs.  Lowe.  New  Haven  :  New 
Haven  (1879),  /.  A.  Allen;  Woodbridge,  Eaton. 
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Nova  Scotia  to  West  Virginia,  west  to  Alaska  and  Wash- 
ington ;  Europe;  Asia. 
Ref,     Mrs.  Lowe,  57. 
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Dicranum  Hedw. 

1.  Capsule  cernuous,  arcuate   2 

Capsule  erect,  symmetrical S 

2.  Leaves  not  undulate,  midrib  percurrent D.  scoparium 

Leaves  transversely  undulate,  midrib  not  reaching  apex 3 

3.  Upper  leaf  cells  elongated;  capsules  clustered. .  .D.  undulatum 
Upper  leaf  cells  isodiametric;  capsules  borne  singly 4 

4.  Upper  part  of  leaves  strongly  papillose  at  back. . .  .D.  spurium 
Leaves  smooth  at  back D.  Bergeri 

5.  Lamina  of  leaves  more  or  less  bistratose  in  upper  part. . . . 

D.  fulvum 
Lamina  unistratose  throughout 6 

6.  Midrib  without  median  guides  and  excurrent;  leaves  sud- 

denly narrowed  into  a  long  setaceous  point.. D.  longifolium 
Midrib  with  median  guides  and  vanishing  below  apex  of 
leaf;  leaves  lanceolate-subulate   7 

7.  Cells  in  upper  part  of  leaves  rectangular,  papillose  at  back; 

plants  not  producing  flagelliform  branchlets.  .D.  montanum 
Cells  in  upper  part  of  leaf  less  regular,  smooth  at  back; 
plants  frequently  characterized  by  numerous  flagelliform 
branchlets  D.  flagellare 

Dicranum  spurium  Hedw. 

Shaded  sandy  soil  and  rocks,  never  on  limestone,  June. 
Litchfield:  Salisbury,  Nichols.  New  Haven:  New  Haven 
(1881),  /.  A.  Allen,    New  London:  Ledyard,  Setchell* 

Newfoundland  to  Wisconsin,  south  to  Florida;  Europe; 
Asia. 

Exsic.     Holzinger,  Musci  Aero.  Bor.-Amer.  No.  228^ 

Dicranum  undulatum  Ehrh. 

Moist  soil  and  earth-covered  rocks  in  hilly  woods.  Sum- 
mer. Litchfield:  New  Milford,  Nichols;  Salisbury,  Miss 
Lorens.  Hartford:  West  Hartford,  Miss  Lorens,  New 
Haven:  East  Haven  (1855),  Eaton;  Meriden,  Nichols; 
Woodbridge,  /.  A.  Allen,    Middlesex:  Killingworth,  Nichols. 

Canada  and  the  northern  United  States;  Europe;  Asia. 

Rrf.     Eaton,  15,  61. 


•Reported  by  Barron  from  **  near  the  Sound  "  (Eaton,  15,  6i). 
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Dicranum  Bergeri  Bland.  D,  Schraderi  Web.  f.  &  Moh 
Peat  bogs  and  wet  woods.  Summer.  Litchfield:  Ne^ 
Milford,  Evans,  Hartford:  West  Hartford,  Miss  Lorem 
Tolland:  Stafford,  Weatherhy;  Vernon,  Miss  Loretus.  Ne^ 
Haven:  New  Haven,  /.  A.  Allen;  Wallingford  (1878),  Bm 
ron,  Middlesex:  Killingworth,  Nichols,  New  London 
Waterford,  C.  B,  Graves. 

Arctic  America,  Canada,  and  the  northern  United  States 
Europe;  Asia. 
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terbury,  Mrs,  Hadley.  Fairfield:  Darien,  Mrs.  Lowe; 
Stratford,  Nichols.  New  Haven:  Hamden,  Nichols;  New 
Haven  ( 1856),  Eaton;  Orange,  Pease;  Oxford,  Harger.  Mid- 
dlesex :  Killingworth,  Nichols.  New  London  :  New  London 
and  Waterford,  C.  B.  Graves. 

Nova  Scotia  to  North  Carolina,  and  westward  to  British 
G>lumbia;  Mexico;  Europe;  Asia. 

Rbf.    Eaton,  15,  61. 

Dicranum  fulvum  Hodc.    D.  interruptum   Brid. 

Non-calcareous  rocks  in  moist  hilly  woods.  Aug.-Oct. 
Litchfield:  Salisbury,  Nichols.  Hartford:  Burlington, 
Nichols;  Hartford,  Miss  Lorenz.  Tolland:  Stafford, 
Nichols.  Windham  :  Canterbury,  Mrs.  Hadley.  Fairfield  : 
Darien,  Mrs.  Lowe.  New  Haven:  Branford,  Chatterton; 
Hamden,  Pease;  New  Haven  (1856),  Eaton;  Orange,  Evans; 
Woodbridge,  Eaton.  Middlesex:  Killingworth,  Nichols. 
New  London  :  East  Lyme,  New  London,  and  Waterford,  C.  B. 
Graves. 

Nova  Scotia  to  Wisconsin,  south  to  North  Carolina  and 
Missouri;  Europe. 

Exsic.     Holzinger,  Musci  Aero.  Bor.-Amer.  No.  104. 

Ref.     Eaton,  15,  61. 

Dicranum  longifolium  Ehrh. 

On  rocks  and  tree  trunks  in  mountainous  or  hilly  regions ; 
not  on  pure  limestone.  Late  summer.  New  Haven  :  Meriden 
(1856),  Eaton;  Oxford,  Harger. 

Nova  Scotia  to  North  Carolina,  west  to  British  Columbia 
and  Colorado;  Greenland;  Europe;  Asia. 

Ref.     Eaton,  15,  61.* 

FAMILY   LEUCOBRYACE^ 
Leucobryum  Hampe 
Leucobr3rum  glaucum  (L.)  Schimp.    L.  vulgar e  Hampe. 
On  moist  soil  or  rocks  in  the  woods.      Fruit  occasional, 


*Two  other  species  of  DicrAniam,  D.  fuscescens  Tarn,  and  D.  viride  (Sull.  & 
Lesq.)  Lindb.  (as  Campy lopus  viridis  Sull.  A  Lesq.)«  are  reported  by  Eaton  (15,  61) 
on  the  authority  of  Barron,  but  no  Connecticut  specimens  examined  by  the  writers 
have  been  referable  to  either  of  these  species. 
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autumn.  Litchfield:  New  Milford,  Nichols;  Salisbu 
Mrs.  Phelps.  Hartford  :  West  Hartford,  Miss  Lorem.  T< 
LAND :  Stafford,  Nichols.  Windham  :  Canterbury,  Mrs.  Hi 
ley.  Fairfield:  Darien,  Mrs.  Lowe;  Trumbull,  Earn 
New  Haven:  Beacon  Falls,  Nichols;  East  Haven,  Hamd 
(1866),  and  New  Haven,  Eaton;  North  Haven,  Hargi 
Orange,  Eaton;  Oxford,  Harger;  Woodbridge,  Nichols.    Ml 

Tkf  ircirv  •      TTillirinnirrkrfli      Mi/'hnic        "hJvur    T  nMnnM  •      Pacf    T  .v» 
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Throughout  temperate  North  America,  and  north  to  Yukon 
Territory ;  Europe ;  Asia ;  Africa ;  New  Zealand. 
Ref.    Eaton,  15,  62.* 

Fissidens  incurvus  Schwaegj.  Including  F.  minutulus 
SulL 

On  wet  shaded  stones,  usually  in  brooks.  Autumn. 
Litchfield:  Salisbury,  Mrs.  Phelps.  Tolland:  Bolton  and 
Stafford,  Nichols.  Fairfield:  Danbury,  Nichols.  New 
Haven:  Bethany,  Evans;  Qieshire,  Harger;  East  Haven 
(1874),  Kleeberger;  Hamden,  /.  A.  Allen;  Orange,  Nichols; 
Oxford,  Harger.    Middlesex:    Middlefield,  Evans. 

Canada  and  the  northern  United  States ;.  Cuba ;  Europe; 
Asia;  Africa;  New  Zealand;  Tasmania. 

Ref.     Eaton,  15,  62. 

Fissidens  obtusifolius  Wils. 

Wet  rocks  and  stones.  Aug.-Sept.  Litchfield:  Salis- 
bury (1907),  Nichols. 

New  England  to  Minnesota  and  Colorado,  south  to  Ala- 
bama and  Texas. 

Fissidens  adiantoides  (L.)  Hedw. 

On  shaded  rocks  and  earth  in  wet  places.  Oct.-Dec. 
Litchfield:  New  Milford  and  Salisbury,  Nichols.  Hart- 
ford: Hartford,  Miss  Lorens.  Tolland:  Bolton,  Nichols. 
Fairfield:  Danbury,  Nichols.  New  Haven:  Cheshire, 
/.  A.  Allen;  East  Haven  (1856),  Eaton;  Madison,  Adams; 
Milford,  Harger;  Orange,  Evans;  Woodbridge,  Eaton. 
Middlesex  :  Killingworth,  Nichols;  Middlefield,  Evans.  New 
London  :  Groton,  C.  B.  Graves. 

Newfoundland  to  Alaska,  south  to  Florida  and  Washing- 
ton; Europe;  Asia;  Africa;  New  Zealand;  Tasmania. 

Ref.     Eaton,  15,  62. 

Fissidens  cristatus  Wils.    F.  decipiens  DeNot. 

On  moist,  preferably  calcareous,  rocks  in  hilly  regions. 


• "  In  a  greenhouse,  R.  Veitch;  also  on  the  sides  of  a  well  on  Church 
Street,  New  Haven,  W.  T,  Browne."  Both  of  these  stations  have  since  probably 
been  destroyed. 
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Oct.-Dec.  Litchfield:  Salisbury,  Nichols.  Hartford: 
Hartford,  Miss  Lorem.  Fairfield  :  Danbury  ( 1884) ,  Eaton; 
Sherman,  Evans,    New  Haven  :  Orange,  Evans. 

Nova  Scotia  to  the  Rocky  Mountains,  and  south  to  the 
Gulf  States ;  Europe ;  Asia. 

Fissidens  taxifolius  (L.)  Hedw. 

Moist  earth  and  clay  banks  in  the  woods.  Fruit  rare,  win- 
ter. Litchfield:  Salisbury,  Nichols.  Tolland:  Ellington, 
Nichols.  Fairfield:  Dsinbnry,  Nichols.  New  Haven:  East 
Haven  (1874),  Kleeberger;  Hamden,  Eaton;  Madison, 
Nichols;  New  Haven,  Eaton;,  t^orth  Haven,  Nichols;  Wood- 
bridge,  Eaton. 

Throughout  the  eastern  United  States;  Europe;  Asia; 
Africa. 

Ref.  Eaton,  15,  62  (incorrectly  reported  as  F.  osmund- 
oides). 

Fissidens  osmundoides  (Sw.)  Hedw. 

Swampy  woods  and  borders  of  streams.  Summer.  Litch- 
field: Salisbury,  Nichols.  Tolland:  Stafford,  Nichols. 
New  Haven:  Branford,  /.  A.  Allen;  Orange,  Evans;  Wood- 
bridge  (1866),  Eaton. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe;  Asia. 

Fissidens  subbasilaris  Hedw. 

On  earth  and  at  the  base  of  trees  in  the  woods.    Autumn. 
New  Haven:  Hamden  (1878),  Eaton. 
Ontario  and  the  eastern  United  States. 

Octodiceras  Brid. 

Octodiceras  Julianum  (Savi)  Brid.  Conomitrium  Juli- 
anum  Mont. 

Attached  to  stones  and  wood  in  springs  and  brooks.  Spring. 
Fairfield:  Danbury,  Nichols.  New  Haven:  Hamden 
(1876),  /.  A.  Allen;  Meriden,  Eaton;  New  Haven,  Nichols; 
Woodbridge,  Eaton. 

Ontario  to  Montana,  south  to  Mexico;  Cuba;  South  Amer- 
ica; Europe;  Africa. 
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Exsic.  Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  i6**  (as 
Conomitrium  Julianum). 

Ref.     Mrs.  E.  G.  Britton,  9,  83.    Eaton,  15,  62 ;  16,  244. 

FAMILY  POTTIACE^ 
Astomum  Hampe 

Astomum  Sullivantii  Schimp.  Systegium  Sullivantii 
Schimp. 

Moist  grassy  places.  Spring.  New  Haven  :  East  Haven, 
/.  A.  Allen;  Oxford,  Harger;  Woodbridge  (1878),  Eaton. 

Probably  throughout  temperate  North  America. 

Ref.    Eaton,  15,  72. 

Weisia  Hedw. 

Weisia  viridula  (L.)  Hedw. 

Roadsides,  banks,  and  fields,  on  bare  earth.  Spring. 
Litchfield:  New  Milford,  Nichols,  Hartford:  Canton, 
Nichols.  Windham:  C^Lnterhury,  Mrs,  Hadley.  Fairfield: 
Darien,  Mrs,  Lowe;  Sherman,  Nichols;  Trumbull,  Eames, 
New  Haven:  East  Haven,  Hamden,  and  Meriden,  Nichols; 
New  Haven  (1854)  and  North  Haven,  Eaton;  Orange,  /.  A. 
Allen;  Woodbridge,  Eaton.  Middlesex:  Killingworth, 
Nichols.    New  London  :    Waterford,  C  B.  Graves. 

Throughout  Canada  and  the  United  States ;  Europe ;  Asia ; 
Africa;  New  Zealand;  Tasmania. 

Ref.     Eaton,  15,  62. 

H3mienostylium  Brid. 

H3anenostyliiim  curvirostrc  (Ehrh.)  Lindb.  Gymnosto- 
mum  curvirostre  Hedw. 

Moist  rocks,  usually  calcareous,  in  mountainous  or  hilly 
regions.  Summer.  Litchfield:  Salisbury,  Evans.  Hart- 
ford: Windsor,  Miss  Lorens.  Tolland:  Bolton,  Nichols. 
New  Haven:  Hamden,  Hall.  Middlesex:  Killingworth, 
(187s)  Hall. 

Labrador  to  Alaska,  south  to  California  and  South  Caro- 
lina ;  Europe ;  Asia ;  Africa. 

Ref.     Eaton,  15,  61. 
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Trichostomum  Hedw. 

Trichostomum  cylindricum  (Bruch)  C.  Miill.  Didytno- 
don  cylindricus  Br.  &  Sch. 

Wet  non-calcareous  stones  in  or  beside  brooks  in  moun- 
tainous or  hilly  regions.  Fruit  very  rare,  autumn.  New 
Haven  :  Hamden  (1879),  /.  A.  Allen;  Orange,  O,  D.  Allen. 

Greenland  to  North  Carolina,  west  to  Manitoba;  South 
America ;  Europe ;  Asia. 

Tortella  (C.  Miill.)  Limpr. 

Monoicous;  plants  less  than  i  cm.  high,  loosely  caespitose; 

leaves  linear,  abruptly  mucronate T.  caspitosa 

Dioicous;  plants  2-6  cm.  high,  in  pulvinate  tufts;  leaves 

lanceolate,  long-acuminate  or  cuspidate T.  tortuosa 

Tortella  tortuosa  (L.)  Limpr.  Barbula  tortuosa  Web.  f. 
&  Mohr. 

Rocks,  usually  calcareous,  in  mountainous  or  hilly  regions. 
Fruit  rare,  June.  Hartford:  West  Hartford,  Miss  Lorene, 
New  Haven:  Cheshire,  Harger;  Meriden,  Price;  Orange 
(1856),  Eaton;  New  Haven,  O.  D.  Allen. 

Greenland,  Canada,  and  the  northern  United  States;  Eu- 
rope; Asia;  Africa. 

Ref.  '  Eaton,  15,  62. 

Tortella  caespitosa  (Schwaegr.)  Limpr.  Barbula  ccespi- 
tosa  Schwaegr. 

Earth  and  roots  of  trees  in  the  woods.  June.  Litch- 
field: Salisbury,  Gilman.  Windham:  Canterbury,  Mrs. 
Hadley.  Fairfield  :  Darien,  Mrs.  Lowe.  New  Haven  :  East 
Haven,  Evans;  New  Haven  (1856),  Eaton;  Orange,  Nichols; 
Oxford,  Harger;  Woodbridge,  /.  A.  Allen.  New  London: 
North  Stoning^on  and  Waterford,  C.  B.  Graves. 

Ontario  and  New  England  to  the  Gulf  States,  west  to 
British  Columbia;  Mexico;  South  America;  Europe;  Asia; 
Africa. 

Ref.     Eaton.  15,  62.     Mrs.  Lowe,  57. 
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Did3anodon  Hedw. 

Didymodon  rubeUus  (Hoffm.)  Br.  &  Sch. 

Wet,  usually  calcareous  rocks,  in  mountainous  or  hilly  re- 
gions. Summer.  Litchfield:  Salisbury,  Nichols,  Tol- 
land: Bolton,  Nichols.  New  Haven:  Woodbridge  (1879), 
/.  A.  Allen. 

Alaska,  Canada,  and  the  northern  United  States;  Europe; 
Asia ;  Africa ;  Tasmania. 

Barbula  Hedw. 

Leaves  gradually  acuminate,  midrib  percurrent B.  fallaz 

Leaves  obtuse  and  mucronate,  midrib  excurrent.B.  anguiculata 

Barbula  fallax  Hedw. 

Moist  earth,  walls,  and  rocks,  in  limestone  districts.  Nov.- 
Jan.    Litchfield:  Salisbury  (1905),  iViVAo/^. 

Canada  and  the  northern  United  States,  north  to  the  arctic 
regions;  Europe;  Asia;  Africa. 

Barbula  unguiculata  (Huds.)  Hedw. 

On  all  sorts  of  earth  formations.  Winter.  Litchfield: 
New  Milford,  Nichols,  New  Haven  :  East  Haven  and  New 
Haven  (1855),  Eaton;  Orange  and  Oxford,  Harger;  Walling- 
ford,  Evans;  Woodbridge,  J,  A.  Allen. 

Probably  throughout  the  northern  United  States  and  Can- 
ada ;  Europe ;  Asia ;  Africa. 

Ref.     Eaton,  15,  62. 

Acaulon  C.  Mtill 
Acaulon  muticum  (Schreb.)  C.  Miill.    Sphcerangium  mu- 
ticum  Schimp. 

Clay  or  earth  in  fields.     Spring,    New  Haven:    Hamden 
(1878),  /.  A,  Allen;  New  Haven,  Eaton;  Orange,  /.  A,  Allen. 
Probably  throughout  temperate  North  America;  Europe; 
Africa. 

*Ref.    Eaton,  15,  61. 

Phascum  L. 
Phascum  cuspidatum  Schreb. 
On   earth   in   fields   and   grassy   places.     Spring.     New 
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Haven:  East  Haven  and  New  Haven,  Eaton;  Woodbridge 
(1878),!.  A.  Allen. 

Ontario  to  South  Carolina,  westward  to  the  Pacific  States ; 
South  America;  Europe;  Asia;  Africa. 

Ref.     Eaton,  15,  61. 
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Tortula  montana  (Nees)  Lindb. 

Sunny  rocks,  usually  calcareous,  in  mountainous  or  hilly 
regions.  New  Haven  :  East  Haven  ( 1880)  and  Orange,  /.  A. 
Allen, 

Northern  North  America ;  Europe ;  Asia ;  Africa. 

Encalypta  Schreb. 

Gemmae  wanting;  monoicous;  capsule  smooth,  peristome 
single E.  ciliata 

Gemmae  brown,  slender,  borne  in  clusters  in  the  axils  of 
the  leaves;  dioicous;  capsule  spirally  striate,  peristome 
double  E.  contorta 

Encaljrpta  ciliata  (liedw.)  Hoffm. 

Shaded  earth  or  rocks  in  mountainous  or  hilly  regions. 
Summer.    New  Haven:  Branford  (1881),  /.  A.  Allen. 

Arctic  America,  Canada  and  the  northern  United  States; 
Europe ;  Asia ;  Africa ;  Australia  ;  Hawaiian  Islands. 

Encalypta  contorta  (Wulf.)  Lindb.  £.  streptocarpa 
Hedw. 

Earth  and  rocks,  often  calcareous,  in  mountainous  or  hilly 
regions.  Not  yet  found  fruiting  in  America.  Litchfield: 
New  Milford,  Nichols;  Salisbury,  Gilman.  Hartford:  West 
Hartford,  Miss  Lorens,  Tolland:  Bolton,  Miss  Lorens, 
New  Haven:  Branford,  /.  A.  Allen;  Orange  (1855),  Eaton; 
Woodbridge,  /.  A.  Allen, 

Ontario  to  Virginia,  and  westward  to  the  Rocky  Moun- 
tains ;  Europe ;  Asia. 

Ref.     Eaton,  15,  63. 

FAMILY  GRIMMIACE.E 
Glyphomitrium  Brid. 
Glyphomitrium  incurvum   (Schwaegr.)   Broth.    Ptycho- 
mitrium  incurvum  SuU. 

Exposed  non-calcareous  rocks.  Spring.  Hartford: 
Granby,  Nichols,  Windham:  Canterbury,  Mrs,  Hadley. 
New  Haven:  Cheshire,  Nichols;  Hamden  and  New  Haven 
(1866),  Eaton;  Oxford,  Harger;  Woodbridge,  Evans, 
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Ontario  alid  New  England  to  Georgia, 
and  Texas. 

Ref.     Eaton,  15,  62. 

Grimmia  Ehrh. 

1.  Capsule  shorter  than  stalk,  emergent  or 
Capsule  longer  than  stalk,  immersed 

2.  Walls  of  lower  leaf  cells  sinuate 

Walls  of  loWer  leaf  cells  not  sinuate 

3.  Plants  in  small  dense  cushions,  soft,  luri< 

rounded-quadrate,  0.009-0.01  mm.  above 

Plants  in  laxer  cushions,  more  robust,  < 

leaf  cells  rounded,  0.006-0.007  t^^-  abo\ 

Grimmia  apocarpa  (L.)  Hedw. 

On  rocks  and  stones  of  various  Id 
Litchfield:  Salisbury,  Gilman;  Torrir 
Hartford:  Bristol  and  Canton,  Nichols. 
ford,  Nichols.  Windham  :  Canterbury,  il 
Haven  :  Cheshire,  Nichols;  Hamden,  /.  A. 
(1855)  and  Orange,  Eaton;  Oxford,  Ha 
J.  A.  Allen.  Middlesex:  Killingwort 
London  :  New  London,  C.  B.  Graves. 

Alaska,  Canada,  and  the  northern  Unite 
most  quarters  of  the  globe. 

Ref.     Eaton,  15,  62. 

Grinmiia  conferta  Funck. 

Steep    sunny    rocks.      Spring.      Litch 
Nichols.     Tolland:    Ellington,  Nichols. 
man,  Nichols.    New  Haven  :   Hamden  ( i 
Woodbridge,  Eaton. 

Nova  Scotia  to  the  Middle  Atlantic  Stat 
the  Pacific ;  Europe ;  Asia ;  Africa. 

Exsic.    Renauld  &  Cardot,  Musci  Am< 

Ref.    Eaton,  15,  62. 

Grimmia  pilifera  Beauv.    G.  pennsylvi 

Moist   rocks   in   hilly    woods.      May-J 

New  Milford  and  Salisbury,  Nichols.    Ha 
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Miss  Lorem.  Tolland:  Stafford,  Nichols.  Windham: 
Canterbury,  Mrs,  Hadley.  Fairfield:  Stratford,  Eatnes. 
New  Haven  :  East  Haven,  Evans;  Hamden,  /.  A.  Allen;  New 
Haven  (1854),  Eaton;  Oxford  and  Woodbridge,  Harger, 

Nova  Scotia  to  Minnesota,  south  to  Georgia;  Mexico; 
Japan. 

Ref.     Eaton,  15,  62. 

Grimmia  Olne}^  Sull. 

Sloping  rocks  and  bowlders,  never  on  limestone.  Spring. 
New  Haven:  Branford  and  Madison,  Eaton;  Meriden, 
Nichols;  New  Haven  (1855),  Eaton;  Oxford,  Harger. 
Middlesex  :  Killingworth,  Nichols.  New  London  :  Ledyard, 
Nichols. 

Ontario  and  New  England  to  Georgia. 

Exsia     Renauld  &  Cardot,  Musci  Amer.  SepL  No.  169. 

Ref.    Eaton,  15,  62.    SuUivant,  70,  67. 

Racomitrium  Brid. 

Racomitrium  aciculare  (L.)  Brid. 

Shaded  non-calcareous  rocks  along  mountain  or  hill 
streams.  Fruit  rare,  spring.  Litchfield  :  Salisbury,  Gilman, 
New  Haven  :  Hamden  ( 1878),  Eaton;  Oxford,  Harger.  New 
London  :  Montville,  C.  B.  Graves. 

Alaska,  Canada,  and  southward  to  California  and  Alabama ; 
Europe ;  Africa. 

Ref.     Eaton,  15,  62. 

FAMILY  ORTHOTRICHACE.E 
Anoectangium  Hedw. 

Anoectangium  Mougeotii  (Br.  &  Sch.)  Lindb.  Am- 
phoridium  Mougeotii  Schimp. 

Crevices  of  damp,  shaded  rocks  in  mountainous  or  hilly 
regions.  Fruit  very  rare,  July-Aug.  New  Haven  :  Branford 
and  Hamden,  Eaton;  Meriden,  Price;  Woodbridge  (1878), 
O.  D.  Allen. 

Newfoundland  to  Alabama,  westward  to  Alaska  and 
Oregon ;  Europe ;  Asia. 

Exsic.     Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  174. 
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Drummondia  Hook. 

Drummondia  clavellata  Hook. 

Trunks  of  trees  in  the  woods.  Summer.  Litchfield: 
Salisbury,  Nichols.  Hartford  :  Bloomfield,  Miss  Lorenz; 
Canton,  Nichols;  Hartford,  Miss  Lorenz;  Southington,  Cham- 
berlain, Windham  :  Canterbury,  Mrs.  Hadley.  Fairfield  : 
Danbury,  Nichols.  New  Haven:  Bethany  and  Hamden, 
Eaton;  Meriden,  Nichols;  New  Haven  (1855),  Eaton;  North 
Branford,  Harger.  Middlesex  :  Killingworth,  Nichols.  New 
London:   North  Stonington  and  Waterford,  C.  B.  Graves. 

Ontario  and  New  England,  south  to  Alabama  and  Missouri ; 
Asia. 

Ref.     Eaton,  15,  62. 

Orthotrichum  Hedw. 

1.  Capsule  with  superficial  stomata;  plants  growing  on  trees 

O.  sordidum 
Capsule  with  immersed  stomata 2 

2.  Peristome  single,  capsule  plicate  when  dry;  plants  grow- 

ing on  rocks  3 

Peristome  double;  plants  growing  on  trees 4 

3.  Capsule  long-exserted O.  anomalum 

.  Capsule  immersed  or  emergent O;  Lescurii 

4.  Capsule  smooth  when  dry O.  pusillum 

Capsule  plicate  when  dry 5 

5.  Calyptra  hairy ; 6 

Calyptra  smooth  O.  pumilum 

6.  Capsule  strongly  plicate,  reddish  brown,  contracted  under 

the  mouth  when  dry;  leaves  acute O.  Braunii 

Capsule  not  strongly  plicate,  pale  yellowish,  very  slightly 
or  not  at  all  contracted  below  the  mouth  when  dry; 
leaves  obtuse  O.  ohioense 

Orthotrichum  sordidum  Sull.  &  Lesq. 

On  trees  in  wet  woods.  Spring.  Hartford:  Hartford, 
Mrs.  Lowe.  Tolland:  Ellington,  Pease.  Windham: 
Canterbury,  Mrs.  Hadley.  New  Haven  :  New  Haven  (1876), 
Pec^e, 

New  Brunswick  to  Pennsylvania  and  Lake  Superior. 

Ref.    Eaton,  15,  63. 
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Orthotrichum  anomalum  Hedw. 

Rocks  in  the  open.  Spring.  Litchfield:  Salisbury, 
Nichols.    New  Haven:   Branford  (1881),  /.  A.  Allen, 

Throughout  Canada  and  the  northern  United  States; 
Alaska;  Europe;  Asia;  Africa. 

Orthotrichum  Lescurii  Aust.  O.  cupulatum  Hoflfm.  var. 
minus  SuU. 

Dry  shaded  granite  or  trap  rocks.  Spring.  New  Haven  : 
Hamden  (1876),  Pease;  Woodbridge,  Eaton, 

Ontario  and  New  England,  south  to  Pennsylvania  and 
Missouri,  and  in  the  Rocky  Mountain  region. 

Ref.     Austin,  3,  341.    Eaton,  15,  63. 

Orthotrichum  pusillum  Mitt.      O,  psilocarpum  James. 
On  trunks  of  trees.    Spring.    New  Haven  :    New  Haven 
( 1877) ,  /.  A.  Allen;  Oxford,  Harger, 

New  England  and  New  York  to  Georgia,  west  to  Missouri. 
Ref.     Eaton,  15,  63.    Rau  &  Hervey,  64,  21. 

Orthotrichum  Braunii  Br.  &  Sch.  0,  strangulatum  Sull. 
not  Beauv. 

Trunks  of  trees.  Spring.  Tolland:  Ellington,  Pease, 
Windham:  Canterbury,  Mrs,  Hadley.  New  Haven:  New 
Haven  (1886),  Eaton, 

Prince  Edward  Island  to  Georgia,  westward  to  Iowa; 
Europe;  Asia;  Africa. 

Ref.     Eaton,  15,  63. 

Orthotrichum  ohioense  Sull.  &  Lesq. 

Trunks  of  trees.  Spring.  Hartford:  Southington, 
Chamberlain,  Tolland:  Ellington,  Pease.  Fairfield: 
Trumbull,  Eames,  New  Haven:  Hamden  (1875),  Young; 
Madison,  Nichols;  New  Haven,  Pease.  Middlesex:  Chester 
and  Killingworth,  Nichols.  New  London  :  Groton  and  North 
Stonington,  C.  B.  Graves. 

Prince  Edward  Island  to  Georgia,  west  to  Michigan. 

Ref.     Eaton,  15,  63. 
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Orthotrichum  pumilum  Sw. 

On  trees.  Spring.  Litchfield:  Salisbury  (1907),  Mc/to/j. 
New  England  and  Ontario  to  Idaho,  south  to  Florida  and 
Texas ;  Europe ;  Asia ;  Africa. 

Ulota  Mohr 

1.  Leaves  rigid  when  dry;  plants  growing  on  rocks. U.  Hutchinsiae 
Leaves  crispate  when  dry;  plants  growing  on  trees 2 

2.  Capsule  smooth,  slightly  plicate  only  below  the  narrowed 

mouth  U.  Ludwigii 

Capsule  longitudinally  plicate  throughout,  mouth  wide 3 

3.  Capsule  constricted  below  the  mouth,  gradually  narrowed 

toward  the  neck  when  dry  and  empty U.  ulophylla 

Capsule  slightly  or  not  at  all  contracted  below  the  mouth, 
abruptly  narrowed  toward  the  neck U.  crispula 

Ulota  Hutchinsiae  (Sm.)  Hammar.  U.  amcricana 
(Beauv.)  Limpr..     Not  Mitt. 

Non-calcareous  rocks  in  mountainous  or  hilly  districts. 
Spring.  Litchfield:  Kent,  Eames;  New  Milford,  Nichols; 
Salisbury,  Gilman,  Hartford  :  Hartford,  Mrs,  Lowe.  Tol- 
land: Ellington,  Pease;  Stafford,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley.  Fairfield:  Danbury,  Nichols; 
Darien,  Mrs.  Lowe;  Sherman,  Nichols.  New  Haven  :  Madi- 
son and  Meriden,  Nichols;  New  Haven  (1854),  Eaton;  Ox- 
ford, Harger.  Middlesex:  Killingworth,  Nichols.  New 
London  :  Groton  and  Waterford,  C.  B.  Graves. 

New  Brunswick  to  Georgia,  westward  to  the  Rocky 
Mountains ;  Europe ;  Asia. 

Ref.    Eaton,  15,  63. 

Ulota  Ludwigii  Brid. 

Trunks  of  trees  in  mountainous  or  hilly  woods.  Summer. 
Litchfield:  Salisbury,  Nichols.  Windham:  Canterbury, 
Mrs.  Hadley.  New  Haven  :  Branford,  Eaton;  East  Haven, 
/.  A.  Allen;  Hamden  and  Woodbridge  (1866),  Eaton. 
Middlesex:   Chester  and  Killingworth,  Nichols. 

Newfoundland  to  Ontario  and  North  Carolina ;  Europe. 

Ref.     Eaton,  15,  63. 
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Ulota  ulophylla  (Ehrh.)  Broth.    U.  crispa  (Hedw.)  Brid. 

Trees  in  the  woods.  Summer.  Litchfield:  Salisbur>% 
Nichols,  Windham:  Canterbury,  Mrs.  Hadley.  New 
Haven:  North  Haven,  Nichols;  Oxford,  Harger,  Middle- 
sex :  Chester  and  KiUingworth,  Nichols,  New  London  :  East 
Lyme  and  North  Stonington  (1894),  C.  B,  Graves, 

Newfoundland  to  Wisconsin,  south  to  Georgia;  Alaska; 
Europe ;  Asia ;  Canary  Islands. 

Ref.     Eaton,  15,  63. 

Ulota  crispula  Bruch. 

Trees  in  the  woods.  Summer.  Hartford  :  Hartford,  Mrs, 
Lowe.  Windham  :  Canterbury,  Mrs.  Hadley.  New  Haven  : 
Woodbridge  (1866),  Eaton.     Middlesex:    Saybrook,  Eaton. 

Same  range  as  the  preceding  species. 

Ref.     Eaton,  15,  63. 

FAMILY  FUNARIACE.E 
Ephemenim  Hampe 

1.  Leaves  without  a  midrib 2 

Midrib  present,  percurrent  or  nearly  so E.  crassinervium 

2.  Leaves  obscurely  serrulate;  stomata  present  in  upper  half 

of  capsule B.  megalospomm 

Leaves  distinctly  serrulate;  stomata  restricted  to  base  of 
capsule   E.  semtum 

Ephemenim  megalospbnmi  (Aust.)  Salm.  Micromitrium 
megalosporum  Aust. 

Wet  or  periodically  inundated  earth.  Autumn.  New 
Haven:  Orange  (1891),  Evans. 

Connecticut  to  Georgia. 

Ephemenim  serratum  (Schreb.)  Hampe. 
'    Wet,  clayey  earth.    Autumn.    New  Haven  :   East  Haven, 
Evans;  New  Haven,  Nichols;  Orange,  Eaton;  Oxford,  Harger. 
New  London:   Norwich  (1888),  Setchell. 

Probably  throughout  temperate  North  America ;  Europe. 

Ephemerum  crassinervium  (Schwaegr.)  C.  Mull. 
Damp  earth  in  fields.       Autumn.      New  Haven:     East 
Haven  (1891),  Evans. 

New  England  to  Minnesota,  south  to  Florida. 
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Aphanorrhegma  Sull. 

Aphanorrhegma  serratum  (Hook.  & 
Moist,  sandy  soil  in  fields.     Autumn. 
bury,  Nichols,     Middlesex  :    Cromwell  ( i 
Temperate  North  America. 

Physcomitrium  (Brid.)  Br.  I 
Physcomitrtum  turbinatum  (Michx.) 
forme  of  some  authors. 

On  earth  in  gardens  and  fields.  May-J 
Salisbury,  Nichols.  Hartford:  Hartfor 
Windham:  Canterbury,  Mrs,  Hadley.  F 
Mrs.  Lowe;  Stratford,  Eames.  New  Ha\ 
Eaton;  North  Branford,  Evans;  North  Ha 
ford,  Harger.  New  London  :  New  Londo 
Quebec  to  Florida,  and  west  to  the  Ro< 
Ref.    Eaton,  15,  63.    Mrs.  Hadley,  40. 

Funaria  Schreb. 

Funaria  hygrometrica  (L.)  Schreb. 

Earth  in  fields,  along  roadsides,  in  burr 
waste  places.  May- June.  Litchfield:  1 
Salisbury,  Nichols.  Hartford:  Hartfor 
Windsor,  IV.  E.  Brit  ton.  Windham  :  Cantt 
ley.  Fairfield:  Darien,  Mrs.  Lowe;  Stratf< 
Haven:  Beacon  Falls,  Nichols;  New  Ilavt 
Orange,  Evans. 

Throughout  North  America;  a  cosmopc 

Ref.     Eaton,  15,  63. 

FAMILY  BRYACE.E 

Lrcptobryum  (Br.  &  Sch.)  V 

Leptobryum  pyriforme  (L.)  Wils. 

On  moist  shaded  soil  or  old  walls  and 

June- July.      Litchfield  :     Salisbury,    NicI 

Hartford,  Miss  Lorenz.    Windham  :   Cante 

ley.    Fairfield:   Darien,  Mrs.  Lowe.     Ne 

ford,  O.  D.  Allen;  New  Haven  (1855),  Eato 
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Throughout    North   America;    South    America;    Europe; 
Asia ;  Tasmania ;  New  Zealand. 
Ref.     Eaton,  15,  63. 

Pohlia  Hedw. 

1.  Plants  producing  gemmae  in  axils  of  leaves,  rarely  fruiting 

P.  proligera 
Plants  not  gemmiparous,  richly  fruiting 2 

2.  Basal  membrane  of  inner  peristome  one-third  to  one-half 

height  of  segments  P.  nutans 

Basal  membrane  of  inner  peristome  one-fourth  height  of 
segments   P.  cnida 

Pohlia  cruda  (L.)  Lindb. 

Shaded  earth  and  fissures  of  rocks  in  mountainous  or  hilly 
regions.  Early  summer.  New  Haven:  Derby  (1881),  /.  A. 
Allen. 

Greenland  to  Pennsylvania,  and  westward  to  the  Pacific; 
found  in  most  quarters  of  the  glolx?. 

Pohlia  nutans   (Schreb.)   Lindb.     Wcbcra  nutans  Hedw. 

Soil  and  decaying  wood  in  fields  or  woods.  Early  sum- 
mer. Litcufikld:  Salisbury,  Gilman.  Hartford:  South- 
ington,  Chamberlain.  Tolland:  Stafford  and  Vernon, 
Nichols.  Windham:  Canterbury,  Mfj.  //od/^y.  Fairfield: 
Darien,  Mrs.  Lowe.  New  Haven:  Beacon  Falls  and  East 
Haven,  Xichols;  New  Haven  (1874),  Kleeberger;  North 
Haven,  Evans;  Oxford,  Harger;  Woodbridge,  /.  A.  Allen. 
Middlf^skx:  Durham,  Evans.  New  London:  Ledyard,  C.  B. 
Graves. 

Throughout  most  of  Xorth  America ;  a  cosmopolitan. 

Ref.    Eaton,  15,  63.    Mrs.  Hadley,  43. 

Pohlia  proligera  Lindb. 

On  earth.  Fruit  rare,  summer.  New  Haven:  Beacon 
Falls  and  Hamden,  Xichols;  New  Haven  (1905),  Evans. 

Widely  distributed  throughout  Canada  and  the  United 
States  ;  Alaska  ;  Furoj)c. 

Mniobr3rum  (Schimp.)   Limpr. 
Mniobrjmm  albicans   (Wahl.)   Limpr.     IVcbera  albicans 
Schimp. 
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In  swamps  and  on  sandy  banks  of  streams.  Early  summer. 
Hartford:  Bloomfield  and  Farmington,  Mrs,  Lowe,  Fair- 
field: Darien,  Mrs.  Lowe,  New  Haven:  Hamden  (1855), 
Eaton, 

Arctic  America,  Canada,  and  the  northern  United  States ; 
south  in  the  east  to  Florida;  found  in  most  quarters  of  the 
globe. 

Ref.    Eaton,  15,  63. 

Bryum  (Dill.)   L. 

1.  Plants  monoicous  (synoicous);  leaves  with  a  broad  border, 

midrib  excurrent  into  a  short  point B.  bimum 

Plants  dioicous  2 

2.  Midrib  vanishing  below  the  apex,  leaves  not  bordered,  or 

very  indistinctly  so B.  argenteum 

Midrib  excurrent  (or  frequently  vanishing  below  the  apex 
in  B.  capillare)  3 

3.  Leaves  short-cuspidate,  distinctly  bordered B.  ventricosum 

Leaves  long-cuspidate   4 

4.  Leaves  bordered,  twisted  when  dry B.  capillare 

Leaves  not  bordered  or  only  faintly  so,  scarcely  twisted 

when  dry  B.  caespiticium 

Brjmm  ventricosum  Dicks.  B,  pseudotriquetrum 
(Hedw.)  SchwaegT. 

Wet,  swampy  places.  Early  summer.  Litchfield  :  Salis- 
bury, Nichols,  Windham  :  Canterbury,  Mrs,  Hadley.  New 
Haven:  New  Haven  (1859),  Eaton,  Middlesex:  Killing- 
worth,  Nichols.    New  London:   Ledyard,  Nichols. 

Arctic  America,  Canada,  and  the  northern  United  States ; 
found  all  over  the  world. 

Exsic.  Holzinger,  Musci  Aero.  Bor.-Amer.  No.  246  (as 
B,  pseudotriquetrum), 

Ref.    Eaton,  15,  63. 

Bryum  bimum  Schreb. 

On  wet  rocks  and  on  the  ground  in  swampy  woods.  Early 
summer.  Litchfield:  Salisbury,  Nichols.  Hartford: 
Farmington,  Mrs.  Lowe;  Plainville,  Chamberlain.  Tolland: 
Bolton,  Nichols;  Ellington,  Pease,     Windham:    Canterbury, 
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Mrs.  Hadley.  New  Haven:  New  Haven  (1856),  Eaton. 
New  London  :  New  London,  C.  B.  Graves. 

Arctic  America,  Canada,  and  southward  to  Florida  and 
Arizona;  a  cosmopolitan. 

Ref.    Eaton,  15,  63. 

Bryum  caespiticium  L. 

On  the  ground  in  old  pastures  and  fields.  Early  summer. 
Litchfield:  Salisbury,  Nichols.  Windham:  Canterbury, 
Mrs.  Hadley.  Fairfield:  Darien,  Mrs.  Lowe;  Trumbull, 
Eames.  New  Haven:  New  Haven  (1855),  Eaton;  Orange, 
Nichols.    New  London  :  New  London,  C.  B.  Graves. 

Throughout  North  America;  a  cosmopolitan. 

Ref.    Eaton,  15,  63.    Mrs.  Lowe,  54. 

Bryum  argenteum  L. 

On  earth  or  earth-covered  rocks.  Autumn.  Litchfield: 
Salisbury,  Nichols.  Hartford  :  West  Hartford,  Miss  Lorens. 
Tolland:  Stafford,  iV^wrAob.  Fairfield:  D2inen,  Mrs.  Lowe; 
Sherman,  Nichols.  New  Haven  :  Hamden,  Evans;  Meriden, 
Miss  Lorenz;  New  Haven  (1854),  Eaton.  Middlesex:  Old 
Lyme,  Nichols. 

Throughout  North  America ;  a  cosmopolitan. 

Ref.     Eaton,  15,  63. 

Bryum  capillare  L. 

Rich,  loamy  soil,  and  roots  of  trees  in  the  woods.  Early 
simimer.  New  Haven:  Cheshire,  /.  A.  Allen;  East  Haven, 
Nichols;  Hamden  (1879)  •^-  ^'  Allen. 

Throughout  temperate  North  America,  and  north  to  the 
arctic  regions ;  Mexico ;  Europe ;  Asia ;  Africa. 

Rhodobryum  (Schimp.)  Hampe 
Rhodobryum   roseum    (Weis)    Limpr.      Bryum   roseum 
Schreb. 

Rotten  logs  and  humus  in  moist  woods.  Fruit  occasional, 
autumn.  Litchfield:  New  Milford,  Nichols;  Salisbury, 
Gilman.  Hartford:  Hartford,  Mrs.  Lowe;  Southington, 
Chamberlain.  Tolland:  Stafford,  Nichols.  Windham: 
Canterbury,    Mrs.    Hadley.      Fairfield:     Danbury,    Eaton. 
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New  Haven:-  Hamden,  Evans;  Meriden,  Eaton;  Milford, 
Harger;  New  Haven  (1855)  and  Orange,  Eaton;  Oxford, 
Harger;  Woodbridge,  Nichols,  Middlesex:  KilHngworth, 
Nichols. 

New  Brunswick  to  Nebraska,  soutii  to  Georgia ;  California ; 
Europe;  Asia;  Africa. 

Ref.    Eaton,  15,  63. 


FAMILY  MNIACE^ 
Mnium  (Dill.)  L. 

1.  Leaf  cells  not  arranged  in  oblique  rows;  border  of  leaves 

several  cells  thick;  marginal  teeth  in  pairs 2 

Leaf  cells  tending  to  be  arranged  in  diverging  rows, 
gradually  increasing  in  size  from  the  border  toward  the 
midrib  5 

2.  Lid   strongly   convex,   mammiform   or   apiculate;    midrib 

toothed  at  back  ^. M.  homum 

Lid  rostrate  3 

3.  Midrib  smooth  at  back;  monoicous  (synoicous) 4 

Midrib  toothed  at  back;  dioicous M.  orthorrhjmchum 

4.  Perichaetial  leaves  forming  a  rosette,  not  crispate  when 

dry;  capsules  borne  in  clusters M.  spinulosum 

Perichaetial  leaves  not  forming  a  rosette,  crispate  when 
dry;  capsules  borne  singly M.  marginatum 

5.  Leaves  serrate,  teeth  single,  border  one  cell  thick 6 

Leaves  entire    11 

6.  Monoicous  (synoicous)  7 

Dioicous    9 

7.  Lid  rostrate;  stomata  scattered  over  the  entire  capsule.. 

M.  rostratum 
Lid  strongly  convex,  apiculate;  stomata  present  only  on 
neck  of  capsule 1 8 

8.  Capsules  borne  singly;  leaves  serrate  to  middle.  .M.  cuspidatum 
Capsules  borne  in  clusters;  leaves  serrate  to  base.  .M.  medium 

9.  Margin  of  leaves  obscurely  toothed M.  rugicum 

Marginal  teeth  of  2-4  cells 10 

10.  Marginal  teeth  robust M.  affine 

Marginal  teeth  slender  M.  ciliare 

11.  Border  narrow,  scarcely  thickened,  of  one  layer  of  cells.. 

M.  cinclidioides 
Border  broad,  thickened   M.  punctatum 
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Mnium  homum  L. 

Moist  banks  and  wet  rocks  in  the  woods.  May-June. 
Litchfield:  Salisbury,  Gilman.  Hartford:  East  Hartford 
and  Manchester,  Miss  Lorenz,  Tolland:  Ellington,  Pease. 
Windham:  Canterbury,  Mrs.  Hadley.,  Fairfield:  Monroe, 
Miss  Lorenz.  New  Haven:  Beacon  Falls,  Nichols;  East 
Haven  (1875),  Eaton;  Hamden,  /.  A,  Allen;  New  Haven  and 
North  Haven,  Nichols;  Orange,  Pease;  Oxford,  Harger. 
Midm-esex:  Killing^orth,  Nichols.  New  London:  Groton 
and  L^dyard,  C.  B.  Graves;  Waterford,  Miss  Lorenz. 

Newfoundland  to  Wyoming,  and  southward  to  Georgia; 
Europe;  Asia;  Africa. 

Ref.  Mrs.  E.  G.  Britton,  8,  4.  Eaton,  15,  63.  Mrs.  Had- 
ley,  40. 

Mnium  orthorrhynchum  Br.  &  Sch. 

Rocks  and  soil,  usually  calcareous,  in  shaded  ravines. 
July- Aug.  Litchfield:  Salisbury,  Nichols.  New  Haven: 
Walling^ord  (1874),  Barron. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe;  Asia. 

Ref.     Eaton,  15,  63. 

Mnium  marginatum  (Dicks.)  Beauv.  M.  serratum 
Schrad. 

Shaded  banks  and  rocks  near  streams  and  in  moist  woods. 
May- June.  Litchfield:  Cornwall,  Brewster;  Salisbury,  Oil- 
man. Fairfield:  Darien,  Mrs.  Lowe.  New  Haven:  An- 
sonia,  /.  A.  Allen;  Cheshire,  Evans;  Hamden,  Eaton;  New 
Haven  (1878),  /.  A.  Allen;  Orange,  Evans.  Middlesex: 
Durham,  Evans.     New  London:    Waterford,  C.  B.  Graves. 

Canada,  Alaska,  and  the  northern  United  States ;  Europe ; 
Asia. 

Mnium  spinulosum  Br.  &  Sch. 

On  the  ground  in  evergreen  mountain  or  hill  woods.  May- 
June.  Litchfield:  Salisbury,  Gilman.  Fairfield:  Darien, 
Mrs.  Lowe.    New  Haven:  Hamden  (1881),  /.  A.  Allen. 

Nova  Scotia  and  the  northern  Atlantic  States,  westward  to 
Alaska  and  Washington ;  Europe ;  Asia. 
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Mnium  rostratum  Schrad. 

Shaded  rocks  in  wet  ravines.  May- June.  Litchfield: 
Salisbury,  Nichols.  Fairfield  :  Darien,  Mrs.  Lowe;  Sherman, 
Nichols.  New  Haven:  Hamdcn  (1880),  /.  A,  Allen;  Wood- 
bridge,  O.  D.  Allen.  Middlesex:  East  Haddam,  C  B, 
Graves.     New  London  :     Waterford,  C.  B,  Graves. 

Throughout  temperate  North  America,  and  in  most  tem- 
perate regions  of  the  globe. 

Ref.     Mrs.  E.  G.  Britton,  8,  5. 

Mnium  cuspidatum   (L.)   Leyss.     M,  sylvaticum  Lindb. 

Earth,  stones,  or  old  logs  in  moist  woods.  May-June. 
Litchfield:  New  Milford  and  Salisbury,  Nichols.  Hart- 
ford: Hartford,  Mrs.  Lowe;  Windsor,  IV.  E.  Britton.  Tol- 
land: Ellington,  Pease;  Stafford,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley.  Fairfield:  Darien,  Mrs.  Lowe; 
Fairfield,  Eames;  Monroe,  Miss  Lorenz;  Sherman,  Nichols; 
Trumbull,  Eames.  New  Haven:  East  Haven  (1875),  Eaton; 
Madison,  Nichols;  New  Haven,  Eaton;  North  Branford  and 
North  Haven,  Evans.  Middlesex:  Killingworth,  Nichols. 
New  London  :  Groton  and  Montville,  C.  B.  Graves;  Norwich, 
Setchell;  Waterford,  C.  B.  Graves. 

Newfoundland  to  Florida  and  westward  to  the  Pacific; 
Europe ;  Asia. 

Ref.     Eaton,  15,  63.    Mrs.  Hadley,  41. 

Mnium  medium  Br.  &  Sch. 

On  earth  or  rotting  stumps  in  moist,  shaded  places. 
May- June.  Litchfield:  Norfolk  (1877),  Eaton.  New 
Haven  :  New  Haven,  Eaton. 

Greenland  to  Pennsylvania,  westward  to  Alaska  and  Cali- 
fornia; Europe;  Asia. 

Mnium  ciliare  (Grev.)  Lindb.  M.  affine  var.  ciliare 
C.  Mull. 

Moist    sandy    soil    in    woods.      May-June.      Litchfield: 
Salisbury,   Gilman.     Windham:    Canterbury,   Mrs.   Hadley.- 
New  Haven  :   Beacon  Falls  and  East  Haven,  Nichols;  Ham- 
den  (1858),  Eaton;  Woodbridge,  Chatterton. 
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Nova  Scotia  to  Louisiana,  westward  .to  British  Columbia ; 
Europe ;  Asia. 

Exsic.    Holzinger,  Musci  Aero.  Bor.-Amer.  No.  247. 
Ref.     Mrs.  E.  G.  Britton,  8,  5. 

Mnium  afEne  Bland. 

Moist  earth  and  rocks  in  woods  and  swamps.  May-June. 
Litchfield:  Salisbury,  Giltnan.  Hartford:  Hartford,  Mrs. 
Lowe;  Southington,  Chamberlain,  Tolland:  StaflFord, 
Nichols,  Windham:  Canterbury,  Mrs.  Hadley,  New 
Haven  :  Ansonia,  /.  A,  Allen;  Beacon  Falls  and  East  Haven, 
Nichols;  Hamden  (1865),  Eaton;  Orange,  Evans;  Wood- 
bridge,  /.  A,  Allen,  Middlesex:  Durham,  Evans;  Killing- 
worth,  Nichols. 

Throughout  northern  North  America,  south  to  Florida  and 
California ;  Europe ;  Asia ;  Africa. 

Ref.    Eaton,  15,  63. 

Mnium  rugicum  Laur.    M.  affine  var.  rugicum  Br.  &  Sch. 

On  the  ground  in  shaded  swamps  and  ravines.  May- June. 
Fairfield:  Sherman,  Nichols.  New  Haven:  Hamden 
(1880),  Eaton;  Woodbridge,  Setcheli 

Greenland  and  Labrador  to  Alaska,  south  to  Louisiana  and 
Colorado;  Europe. 

Mnium  punctatum  (L.)  Hedw. 

On  the  ground  in  swamps  or  wet  woods.  Spring.  Litch- 
field: Salisbury,  Gilman,  Hartford:  East  Hartford,  Miss 
Lorenz;  Hartford,  Mrs.  Lowe;  Windsor,  Miss  Lorenz.  Wind- 
ham: Canterbury,  Mrs.  Hadley;  Windham,  Nichols.  New 
Haven:  Bethany,  O,  D,  Allen;  Cheshire,  Eaton;  Derby, 
Barnes;  Hamden  (1855),  Eaton;  Orange,  Nichols;  Oxford, 
Harger;  Woodbridge,  Eaton,  Middlesex:  Killing^orth, 
Nichols,  New  London:  Groton,  C.  B,  Graves;  Ledyard, 
Nichols;  Montville,  Stonington,  and  Waterford,  C.  B,  Graves. 

Var.  elatum  Schimp. 

Litchfield:  Norfolk,  Eaton;  Salisbury,  Nichols,  Tol- 
land: StSiSord,  Nichols,  Windham:  Canterbury,  Mr^. /fad- 
ley;  Thompson,  Miller,  New  Haven  :  Beacon  Falls,  Nichols; 
Hamden  (1875)  Eaton, 
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Arctic  America,  Canada,  and  the  northern  United  States; 
Europe;  Asia. 

Ref.    Mrs.  E.  G.  Britton,  8,  5.    Eaton,  15,  64. 

Mnium  cinclidioides  Hiiben. 

Swamps,  pools,  and  wet  places  in  the  woods.  Fruit  rare, 
June.  Litchfield:  Litchfield,  T.  F,  Alien.  Hartford: 
Farmington  (1859),  Eaton.  New  Haven:  Beacon  Falls, 
Nichols;  East  Haven,  /.  A.  Allen;  Hamden  and  Orange, 
Eaton;  Oxford,  Harger.  .Middlesex  :  Killingworth,  Nichols; 
Saybrook,  Eaton.    New  London  :  Norwich,  Harger. 

Northern  North  America,  south  in  the  east  to  Pennsylvania ; 
Europe ;  Asia. 

Ref.    Eaton,  15,  64. 

FAMILY  AULACOMNIACE^ 
Aulacomnium  Schwaegr. 

Monoicous;  leaves  coarsely  serrate  in  upper  half;  plants 
not  gemmiparous  A.  heterostichum 

Dioicous;  leaves  serrulate  near  apex;  sterile  plants  fre- 
quently producing  gemmae  at  the  tips  of  flagelliform 
branches A.  palustre 

Aulacomnium  heterostichum  (Hedw.)  Br.  &  Sch. 

Moist  banks  and  roots  of  trees  in  the  woods.  May-June. 
Litchfield:  New  Milford,  Nichols;  Salisbury,  Gilman. 
Hartford:  Burlington,  Nichols;  Farmington,  Mrs.  Lowe; 
Hartford,  Miss  Lorenz;  Sduthington,  Chamberlain;  Windsor, 
Rorer.  Tolland:  Stafford,  Nichols.  Windham:  Canter- 
bury, Mrs.  Hadley.  Fairfield:  Danbury,  Nichols;  Darien, 
Mrs.  Lowe.  New  Haven:  Ansonia,  /.  A.  Allen;  Beacon 
Falls,  Nichols;  East  Haven,  Evans;  Hamden  (1858),  Eaton; 
Madison  and  Meriden,  Nichols;  New  Haven,  /.  A.  Allen; 
Woodbridge,  Setchell.  Middlesex:  Killingworth,  Nichols. 
New  London  :  East  Lyme,  C.  B.  Graves;  Ledyard,  Nichols; 
North  Stonington,  C.  B.  Graves. 

Ontario  to  Wisconsin,  south  to  Florida  and  Texas;  Asia. 

Ref.     Eaton,  15,  64. 
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Aulacomnium  palustre  (L.)  Schwaegr. 

In  bogs  and  swampy  woods.  June.  Litchfield:  Salis- 
bury, Nichols,  Hartford:  Canton,  Nichols;  Farmingfton, 
Mrs.  Loiifc;  West  Hartford,  Miss  Lorenz.  Tolland  :  Elling- 
ton, Pease;  Willington,  Nichols.  Windham:  Canterbury, 
Mrs,  Iladlcy.  Fairfield:  Darien,  Mrs.  Lowe:  Stratford, 
Nichols.  New  Haven:  East  Haven,  Eaton:  Madison,  Miss 
Lorenz;  Meriden,  Nichols;  New  Haven  (1855),  Eaton;  Ox- 
ford, Harger.  Middlesex  :  Chester,  Nichols;  Durham,  Evans; 
Killingworth,  Nichols.  New  Londqn  :  North  Stonington,  Old 
Lyme,  and  Waterford,  C  B.  Graves, 

Arctic  America,  southward  to  the  mountains  of  South 
Carolina,  Utah,  and  California;  South  America;  Europe;  Asia; 
Australia. 

•  Ref.     Eaton,  15,  64.     Mrs.  Hadley,  40. 

FAMILY  MEESIACEiC 
Meesia  Hedw. 
Meesia  triquctra  (L.)  Aongstr.    M.  tristicha  Br.  &  Sch. 
In  wet  meadows  and  peat  bogs.     June-July.     Hartford: 
Berlin  (1875),  Coleman.     New  Haven:    New  Haven,  /.  A. 
Allen. 

Arctic  America,  Canada,  and  the  northern  United  States ; 
Europe ;  Asia. 

Ref.     Eaton,  15,  64. 

FAMILY  BARTRAMIACE^ 
Plagiopus  Brid. 

Plagiopus  Oederi  (Gunn.)  Limpr.    Bartramia  Oederi  Sw. 

Moist  calcareous  rocks  or  soil  in  mountainous  and  hilly 
woods.  Spring.  Litchfield:  Salisbury,  Gilman.  Hartford: 
West  Hartford,  Miss  Lorenz.  Fairfield:  Monroe,  Harger; 
Sherman,  Nichols.  New  Haven:  Cheshire  (1856),  Eaton; 
Hamden,  /.  A.  Allen;  Meriden,  Eaton. 

Canada  and  the  northern  United  States,  south  in  the  east 
to  North  Carolina ;  Europe ;  Asia. 

Ref.     Eaton,  15,  64. 
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Bartramia  Hedw. 

Bartramia  pomiformis  (L.)  Hedw. 

Rocks  or  soil  in  moist  woods.  Spring.  Litchfield  :  New 
Milford,  Nichols;  Salisbury,  Gilman.  Hartford:  Hartford, 
Mrs.  Lowe;  Southington,  Chamberlain;  West  Hartford,  Miss 
Lorenz;  Windsor,  W,  E.  Britton.  Tolland  :  Stafford,  Nich- 
ols. Windham:  Canterbury,  Mrs.  Hadley.  Fairfield: 
Huntington  and  Sherman,  Nichols;  Trumbull,  Eames.  New 
Haven  :  Beacon  Falls  and  East  Haven,  Nichols;  Hamden, 
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On  moist  shaded  banks,  especially  in  limestone  r^ons. 
Spring.  Litchfield:  Cornwall,  Hall;  Salisbury,  GUman. 
Hartford  :  Windsor,  Miss  Loretus.  New  Haven  :  Hamden, 
Eaton;  Woodbridge  (1878),  Brewster. 

Newfoujidland  to  Pennsylvania  and  westward  to  the 
Pacific ;  Europe. 

Exsic.  Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  183 
(as  T.  bavarica  var.  cucullata). 

Ref.    Eaton,  15,  72. 

FAMILY  HEDWIGIACEiE 
Hedwigia  Ehrh. 

Hedwigia  albicans  (Web.)  Lindb.    H,  ciliata  Ehrh. 

On  rocks  and  bowlders  of  various  kinds,  but  never  on 
limestone.  Spring.  Litchfield:  New  Milford  and  Salis- 
bur}%  Nichols.  Hartford:  Hartford,  Mrs.  Lowe;  Plainville, 
Chamberlain.  Tolland:  Stafford,  Nichols.  Windham:  Can- 
terbury, Mrs.  Hadley.  Fairfield:  Danbury,  Nichols;  Darien, 
Mrs.  Lowe;  Huntington,  Nicfiols;  Stratford,  Eames.  New 
Haven:  East  Haven,  Evans;  Hamden,  Eaton;  Madison  and 
Meriden,  Nichols;  New  Haven  and  Orange  (1873),  Eaton.  ^ 
Middlesex:  Killingworth,  Nichols.  New  London:  Led- 
yard,  Nichols;  Waterford,  C.  B.  Graces. 

Throughout  North  America,  and  in  most  quarters  of  the 
globe. 

Ref.     Eaton,  15,  62. 

FAMILY  FONTINALACE^ 

Fontinalis  (Dill.)  L. 

1.  Stem  leaves  keeled F.  antipyretica 

Leaves  not  keeled 2 

2.  Leaves  2-3  mm.  long,  firm,  very  concave  throughout  and 

incurved  at  the  margins F.  dalecarlica 

Leaves  3.5-7  mm.  long,  slightly  concave 3 

3.  Branches  obliquely  spreading;  leaves  flaccid,  plane  in  the 

upper  half    F.  Lescurii 

Branches     widely     spreading;     leaves     firmer,     concave 
throughout  F.  Novae-Angliae 
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Nichols,  Tolland:  Stafford,  AjV/io/j.  New  Havtn :  Beacon 
Falls,  Nichols;  Derby,  O.  D,  Allen;  Hamden,  /.  A.  Allen; 
New  Haven  (1855),  Eaton;  Wallingford,  Barron;  Wood- 
bridge,  Eaton.    Middlesex:   Killingworth,  Nichols. 

Nova  Scotia  to  Alabama,  westward  to  the  Rocky  Moun- 
tains. 

Ref.    Eaton,  15,  65. 

Dichel3ana  Myrin 

Dichelyma  capillaceum  (L.)  Schimp. 

On  bushes  and  sticks  in  ponds  and  water  holes.  Summer. 
Tolland:  Stafford  and  Willington,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley.  New  Haven  :  Branford  and  East 
Haven,  Eaton;  Hamden,  Nichols;  New  Haven  (1855)  and 
Orange,  Eaton.  Middlesex:  Saybrook,  Eaton.  New  Lx)n- 
don:   North  Stcwiington  and  Waterford,  C.  B.  Graves. 

New  Brunswick  to  Ontario  and  Pennsylvania ;  Europe. 

Exsic.    Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  187. 

Ref.    Eat(m,  15,  65. 

FAMILY  CRYPH^ACE^ 
Cr3rphaea  Mohr 
Cr3rphaea  glomerata  Br.  &  Sch. 

Trunks  of  trees  in  the  woods.  Spring.  New  Haven: 
Hamden  (1875),  Young. 

Connecticut  to  Ohio,  south  to  the  Gulf  of  Mexico. 
Ref.    Eaton,  15,  64.    Rau,  63,  152.    Rau  &  Hervey,  64, 
52. 

FAMILY  LEUCODONTACEiE 
Leucodon  Schwaegr. 

Capsule  exserted  beyond  the  perichaetial  leaves L.  julaceos 

Capsule  exserted  but  surpassed  by  the  perichaetial  leaves.. 

L.  brach]^pii8 

Leucodon  julaceus  (L.)  Sull. 

Trunks  of  trees  in  the  woods.  Autumn.  Windham: 
Canterbury,  Mrs.  Hadley.  New  Haven  :  New  Haven  (1855), 
Eaton;  North  Branford,  Harger;  Orange,  Eaton;  Oxford, 
Harger.    New  London  :   North  Stonington,  C.  B.  Graves. 
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New  England  to  Michigan,  south  to  Florida  and  Texas. 
Ref.     Eaton,  15,  65. 

Leucodon  brachypus  Brid. 

Trees  and  rocks  in  mountainous  or  hilly  woods.  Fruit  rare, 
autumn.  Litchfield:  Salisbury,  Nichols.  Hartford:  Can- 
ton, Nichols;  Hartford,  Miss  Lorenz,  Windha»(:  Canter- 
bury, Mrs.  Hadley.    New  Haven  :  Guilford  and  New  Haven 
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Homalia  fBrid.)   Br.  &  Sch. 

Homalia  Jamesii  Schimp. 

Rocks  and  crevices  in  mountainous  or  hilly  districts.  Au- 
tumn. LiTCHFiEU):  Salisbury,  Miss  Lorens.  New  Haven: 
Hamden  ri88i),  /.  A,  Allen, 

Newfoundland  and  Nova  Scotia  to  Pennsylvania;  Wash- 
ington. 

FAMILY  ENTODONTACEit 

Schwetschkeopsis   Broth. 

Schwetschkeopsis  denticulata  (Sull.)  Broth.  Leskea 
denticulata  Sull. 

At  the  base  of  trees  or  on  rocks.  Fruit  rare.  New  Haven  : 
Orange  (1880),  O.  D.  Allen, 

Connecticut  and  New  York  to  Florida,  west  to  the  Missis- 
sippi River;  Asia. 

Platygjrrium  Br.  &  Sch. 

Platygyrium  repens  (Brid.)  Br.  &  Sch. 

On  roots  and  trunks  of  trees,  especially  chestnut  and  beech, 
on  old  logs,  stumps,  and  stones.  Autumn.  Litchfield:  Salis- 
bury, Sichols.  Tolland:  Stafford,  Nichols.  Windham: 
Canterbury,  Mrs,  Hadley.  Fairfield:  Sherman,  Nichols. 
New  Haven:  East  Haven,  O.  D,  Allen;  Hamden,  Evans; 
New  Haven  (1855),  Eaton;  North  Haven,  Evans;  Oxford, 
Harger.  Middlesex:  Middlefield,  Evans.  New  London: 
New  London,  C.  B.  Graves. 

North  America,  west  to  the  Rocky  Mountains;  Europe; 
Asia;  Africa. 

Ref.     Eaton,  15,  66. 

Entodon  C.  Miill. 

Branches  usually  complanate;  annulus  clearly  diflferen- 
tiated;  teeth  12-18-articulate E.  cladorrhizans 

Branches  usually  terete;  annulus  not  clearly  defined;  teeth 
7-10-articulate    E.  seductrix 

Entodon  cladorrhizans  (Hedw.)  C.  Mull.  Cylindrothe- 
cium  cladorrhizans  Schimp. 
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On  decaying  logs,  on-  stones,  and  at  the  base  of  trees  in 
moist  woods.  Autumn.  Litchfield:  Salisbur>%  Nichols, 
Hartford:  Southington,  Chamberlain.  Tolland:  Ellington, 
Pease,  Windham:  Canterbury,  Mrs.  Hadley.  Fairfield: 
Danbury,  Nichols,  New  Haven  :  Hamden,  /.  A,  Allen;  Madi- 
son, Nichols;  Orange,  Eaton;  Oxford,  Harger;  Woodbridge 
(1866),  Eak)n, 

New  Bnmswick  to  Minnesota,  and  south  to  the  Gulf  States ; 
Europe. 

Ref.     Eaton,  15,  66. 

Entodon  seductrix  (Hedw.)  C.  Miill.  Cylindrothecium 
seductrix  Sull. 

On  decaying  wood,  earth,  rocks,  and  roots  of  trees  in  moist 
woods.  Autumn.  Hartford:  Hartford,  Miss  Lorenz.  Tol- 
land: Bolton  and  Stafford,  Nichols,  Windham:  Canter- 
bury, Mrs.  Hadley,  Fairfield:  Danbury,  Eaton;  Darien, 
Mrs,  Lowe;  Sherman,  Nichols,  New  Haven:  East  Haven, 
Hamden,  and  Madison,  Nichols;  New  Haven  and  Orange 
(1855),  Eaton;  Oxford,  Harger;  Woodbridge,  /.  A.  Allen, 
Middlesex:   Killingworth,  Nichols. 

New  England  to  Minnesota,  south  to  Florida  and  Texas. 

Exsic.     Grout,  N.  Amer.  Musci  Pleuro.    Nos.  51,  173. 

Ref.     Eaton,  15,  66. 

Pylaisia  Br.  &  Sch. 

I.     Segments   of   inner   peristome    entirely    free    from    teeth, 
basal    membrane    distinct;    spores    0.008-0.012    mm.    in 

diameter P.  subdenticulata 

.  Segments  of  inner  peristome  partially  or  wholly  adherent 

to  teeth,  basal  membrane  obscure  or  lacking 2 

2;    Partially  adherent;  spores  0.016-0.024  mm.  in  diameter. . . . 

P.  Schimperi 

Wholly  adherent;  spores  0.025-0.032  mm.  in  diameter 

P.  intricata 

Pylaisia  Schimperi  Card.    P,  intricata  of  some  authors. 

Bark  of  trees  or  decaying  wood  in  the  woods  or  in  the 
open.  Autumn.  Litchfield:  New  Milford  and  Salisbury, 
Nichols.     Hartford:    Canton,  Nichols;  Hartford,  Miss  Lo- 
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renz;  Southington,  Nichols.  Tolland:  Stafford,  Nichols. 
Windham:  Canterbury,  Mrs.  Hadley.  Fairfield:  Darien, 
Mrs.  Lowe.  New  Haven:  Branford  (1874),  Kleeberger; 
East  Haven,  Evans;  Hamden,  Eaton;  New  Haven,  /.  A.  Allen; 
Orange  and  Woodbridge,  Veitch.  Middlesex  :  Chester,  Nich- 
ols.    New  London:    New  London,  C.  B,  Graves. 

New  Brunswick  to  the  Gulf  States,  westward  to  the  Rocky 
Mountains;  Europe;  Asia. 

Ref.     Eaton,  15,  66. 

Pylaisia  subdenticulata  Schirrip. 

On  rocks  and  at  the  base  of  trees  in  the  woods.  Autumn. 
Tolland:  Ellington  (1876),  Pease.  Windham:  Canter- 
bury, Mrs.  Hadley.    New  Haven  :   New  Haven,  /.  A.  Allen. 

New  England  to  Illinois,  southward  to  Florida  and  New 
Mexico. 

Pylaisia  intricata  (Hedw.)  Br.  &  Sch.  P.  velutina  Schimp. 

On  stumps  and  trees  in  mountainous  or  hilly. woods.  Au- 
tumn. Litchfield:  Salisbury,  iVicAo/j.  New  Haven:  Elast 
Haven,  O.  D.  Allen;  Hamden,  Young;  Milford,  Harger;  New 
Haven  (1855),  Eaton. 

Newfoundland  to  Ontario,  south  to  North  Carolina. 

Ref.     Eaton,  15,  66. 

Homalothecium  Br.  &  Sch. 

Homalothecium  subcapillatum  (Hedw.)  Sull. 

Trunks  of  trees  in  the  woods.  Autumn.  Fairfield: 
Darien,  Mrs.  Lowe.  New  Haven:  Cheshire  (1855),  Black- 
man;  East  Haven  and  New  Haven,  Eaton;  Woodbridge,  Pease. 

New  England  to  North  Carolina. 

Exsic.     Grout,  N.  Amer.  MUsci  Pleuro.    No.  108. 

Ref.     Eaton,  15,  66. 

FAMILY  FABRONIACE.C 
Anacamptodon   Brid. 
Anacamptodon  splachnoides  (Frol.)  Brid. 
On  trunks  and  decaying  shelves  of  trees,  in  forks,  around 
knot  holes  full  of  water,  on  old  stumps  and  logs,  from  sea  level 
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to  high  altitudes.  Local.  Spring.  Hartford:  East  Hart- 
ford, Mrs.  Lowe.  New  Haven  :  Oieshire,  Hamden,  and  New 
Haven,  Nichols;  Wallingford  (1880),  O.  D.  Allen. 

New  England  to  Alabama,  west  to  Illinois  and  Texas; 
Europe ;  Asia. 

Ref.     Mrs.  Lowe,  56. 

FAMILY  LESKEACEiE 

Thelia  Sull. 

1.  Papillx  of  leaves  simple T.  hirtella 

Papillae  of  leaves  variously  divided  at  the  tip 2 

2.  Leaves  ciliate;  plants  growing  on  trees T.  asprella 

Leaves  not  ciliate;  plants  growing  on  rocks  and  earth.... 

T.  Lescurii 

ThcKa  hirtella  (Hedw.)  Sull. 

Stumps,  roots,  and  trunks  of  trees  in  the  woods.  Autumn. 
Hartford:  Southington,  Nichols.  Tolland:  Ellington, 
Pease;  Stafford,  Nichols.  Windham  :  Canterbury,  Mrs.  Had- 
ley.  Fairfield  :  Darien,  Mrs.  Lowe;  Sherman,  Nichols.  New 
Haven:  East  Haven  (1855),  Eaton;  Madison,  Basye;  New 
Haven,  /.  A.  Allen;  Oxford,  Harger;  Woodbridge,  Nichols. 
Middlesex:  Killing^orth,  Nichols.  New  London:  Water- 
ford,  C.  B.  Graves. 

Ontario  and  New  England  \g  Kansas,  south  to  the  Gulf 
States. 

Ref.     Eaton,  15,  65.    Mrs.  Hadley,  41. 

Thelia  asprella  (Schimp.)  Sull. 

Stumps,  roots,  and  trunks  of  trees  in  the  woods.  Autumn. 
Litchfield:  Salisbury,  Nichols.  Hartford:  Hartford,  Miss 
Lorens,  Tolland:  Ellington,  Pease;  Stafford,  Nichols. 
Windham:  Canterbury,  Mrs.  Hadley.  Fairfield:  Darien, 
Mrs.  Lowe.  New  Haven  :  East  Haven,  O.  D.  Allen;  Ham- 
den, Eaton;  Meriden,  Nichols;  New  Haven  (1855),  Eaton. 
Middlesex:  Killingworth,  Nichols.  New  London:  Nor- 
wich, Setchell. 

Ontario  and  New  England  to  Florida,  west  to  Minnesota 
and  Texas. 

Ref.    Eaton,  15,  65. 
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Thdia  Lescurii  Sull. 

On  trap  ledges,  flat  rocks,  and  dry,  sandy  soil.  Fruit  rare, 
autumn.  Litchfield:  New  Milford,  Nichols.  Hartford: 
Farmington,  Miss  Lorene.  Fairfield:  Darien,  Mrs.  Lowe. 
New  Haven:  East  Haven,  /.  A.  Allen;  New  Haven  (1877), 
Eaton;  Oxford,  Harger.  New  London:  Waterford,  C.  B. 
Graves. 

Massachusetts  to  Missouri,  south  to  the  Gulf  States. 

Ref.    Eaton,  15,  65.    Grout,  38.    Rau  &  Hervey,  64,  52. 

MyurcUa  Br.  &  Sch. 

Leaves  serrulate,  obtuse,  rarely  short-apiculate M.  julacea 

Leaves  spinulose-dentate,  abruptly  long-acuminate.  .M.  gracilis 

MyurcUa  julacea  (Vill.)  Br.  &  Sch.   ^ 

On  rocky  banks  and  in  shady  fissures  of  rocks,  especially 
limestone,  in  mountainous  or  hilly  districts.  Fruit  rare,  July- 
Aug.  New  Haven:  Branford  and  Woodbridge  (1880),  /.  A. 
Allen. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia. 

Myurella  gracilis  (Weinm.)  Lindb,    M.  Careyana.  Sull. 

Crevices  of  moist  rocks,  usually  limestone,  in  mountainous 
or  hilly  regions.  Fruit  rare,  spring.  Litchfield:  Norfolk 
(1903),  Miss  Lorcns;  Salisbury,  Evans.  Hartford:  Wind- 
sor, Miss  Lorenz.    Fairfield:   Sherman,  Nichols. 

Nova  Scotia  to  Minnesota,  south  to  North  Carolina;  Eu- 
rope ;  Asia. 

Haplohymenium  Doz.  &  Molk. 

Haploh3rmenium  tristc  (Cesati)  Kindb.  Leskea  tristis 
Cesati.    Anomodon  tristis  Sull. 

On  steep  sunny  rocks  and  at  the  base  of  trees.  Xot  yet 
found  fruiting  in  North  America.  Litchfield  :  New  Milford, 
Nichols.  New  Haven:  East  Haven  (1856),  Hamden,  and 
New  Haven,  Eaton;  North  Branford,  Evans;  Woodbridge, 
Eaton. 

Eastern  United  States;  Europe;  Asia, 

Ref.     Eaton,  15,  65. 
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Anomodon  Hook.  &  Tayl. 

1.  Upper  half  of  leaves  litigulate,  obtuse  or  short-apiculate, 

leaves  spreading  when  moist 2 

Upper  half  of  leaves  more  or  less  tapering 3 

2.  Leaves  apiculate  and  with  large  auricles  at  the  base .... 

A«  apiculatus 
Leaves  rounded  at  apex,  base  not  auriculate A.  minor 
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Anomodon  rostratus  (Hedw.)  Schimp. 

At  the  base  of  trees  and  on  rocks  in  the  woods.  Autumn. 
Litchfield:  Cornwall,  Brewster;  New  Milford,  Nichols; 
Salisbury,  Gilman.  Hartford:  Farmington,  Mrs,  Lowe; 
Hartford,  Miss  Lorenz,  Tolland  :  Stafford,  Nichols,  Wind- 
ham: Canterbury,  Afrj. //ad/^3f.  Fairfield:  Danbury/ iV«V/»- 
ols;  Darien,  Mrs,  Lowe;  Sherman,  Nichols.  New  Haven: 
Beacon  Falls,  Nichols;  Hamden,  /.  A.  Allen;  Meriden,  Nich- 
ols; New  Haven  (1855),  Eaton;  Woodbridge,  Nichols,  Mid- 
dlesex :  KiUingworth,  Nichols,  New  Lx)ndon  :  North  Ston- 
ington,  C,  B,  Graves, 

Canada  to  the  Gulf  of  Mexico;  Europe;  Asia. 

Ref.     Eaton,  15,  65.    Mrs.  Hadley,  42. 

Leskea  Hedw. 

Leaves  ovate-oblong,  obtuse,  not  plicate L.  obscura 

Leaves  ovate-lanceolate,  acute  to  acuminate,  biplicate 

L.  polycaxpa 

Leskea  polycarpa  Ehrh. 

On  roots  and  stones,  trunks  of  trees,  and  decaying  wood  in 
wet  places.  May-June.  Tolland:  Ellington,  Pease,  Fair- 
field: Darien,  Mrs,  Lowe,  New  Haven:  New  Haven, 
Eaton;  Oxford,  Harger;  Wallingford  (1878),  Barron,  New 
London  :  New  London,  Spaulding, 

Newfoundland  to  British  Columbia,  and  southward;  Eu- 
rope; Asia. 

Exsic.    Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  192**. 

Ref.    Eaton,  15,  65. 

Leskea  obscura  Hedw. 

Roots  of  trees,  stones,  and  logs  subject  to  inundation.  May- 
June.  Litchfield:  Salisbury,  Nichols;  Woodbury,  Eaton, 
Hartford:  Farmington,  Mrs,  Lowe;  Hartford,  Miss  LoremZ 
Tolland:  Vernon,  Nichols,  Windham:  Canterbury,  Mrs. 
Hadley,  New  Haven  :  East  Haven,  Nichols;  Hamden,  O,  D. 
Allen;  New  Haven  (1874),  Eaton;  North  Haven,  Nichols; 
Wallingford,  Barron,  Middlesex:  KiUingworth  and  Port- 
land, Nichols.    New  London  :  New  London,  C,  B,  Graves, 
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New  Brunswick,  Ontario,  and  the  United  States  east  of  the 
Rocky  Mountains ;  Japan. 
Ref.     Eaton,  15,  65. 

Rauia  Aust. 

Rauia  scita  (Beauv.)  Aust.  Hypnum  scitum  Beauv. 
Tlutidium  scitum  Aust. 

At  the  base  of  trees  and  on  stones  in  the  woods.  Autumn. 
Tolland  :  ElHngton,  Pease;  Stafford,  Nichols.  Windham  : 
Canterbury,  Mrs,  Hadley.  New  Haven:  Hamden  and  New 
Haven,  /.  A.  Allen;  Orange,  Eaton;  Wallingford,  Barron; 
Woodbridge  (1866),  Eaton, 

Ontario  and  New  England,  south  to  North  Carolina  and 
Missouri. 

Ref.    Eaton,  15,  65. 

Haplocladium  C.  Mull. 

Stem  leaves  roundish-ovate,  abruptly  short-acuminate 

H.  virginianum 
Stem  leaves  ovate,  gradually  acuminate H.  microphyllum 

Haplocladium  virginianum  (Brid.)  Broth.  Hypnum 
gracile  var.  lancc^triense  Sull.  &  Lesq.  Thuidium  virginianum 
Lindb.  , 

On  the  ground  in  open  woods.  May-June.  Litchfield: 
Salisbury,  Nichols.  Hartford:  Canton,  Nichols,  Tolland: 
Stafford,  Nichols.  Windham  :  Canterbury,  Mrs,  Hadley. 
Fairfield:  Danbury,  Nichols;  Darien,  Mrs.  Lowe.  New 
Haven:  Beacon  Falls  and  Meriden,  Nichols;  New  Haven 
(1876),  Pease;  Orange,  Nichols;  Oxford,  Harger.  Middle- 
sex :  Killingworth,  Nichols,  New  London  :  Montville,  C,  B, 
Graves. 

Massachusetts  to  Wisconsin,  south  to  Mexico;  Europe. 

Exsic.      Grout,  X.  Amer.  Musci  Pleuro.      No.   172   (as 
Thuidium  virginianum), 
•  Ref.     Mrs.  Lowe,  55;  58. 

Haplocladium  microphyllum  (Sw.)  Broth.  Hypnum 
gracile  Br.  &  Sch.  Thuidium  gracile  Br.  &  Sch.  T,  micro- 
phyllum Best. 
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On  rotten  wood,  bases  of  trees,  stones,  and  the  ground. 
Summer.    New  Haven:  Woodbridge  (1879),  /.  A.  Allen. 

New  Brunswick  to  British  Columbia,  and  southward  to  the 
Gulf  of  Mexico ;  Cuba ;  Jamaica  :  Europe  :  Asia. 

Ref.     Limpricht,  51*,  828. 

Claopodium  (Lesq.  &  James)  Ren.  &  Card. 

Claopodium  pellucinerve  (Mitt.)  Best. 

"  On  an  old  log  in  a  swamp."  Fairfield:  Darien  (1903), 
Mrs,  Lowe. 

Known  from  but  two  other  localities  —  North  India  and 
Yukon  Territory. 

Ref.     Miss  Wheeler,  80. 

Thuidium  Br.  &  Sch. 

1.  Monoicous ;  plants  small  2 

Dioicous;  plants  large,  stems  6-10  cm.  long 3 

2.  Stem  1-2  cm.  long;  branches  papillose T.  pygmaeum 

Stem  2-4  cm.  long;  branches  smooth T.  minutulum 

3.  Stem  pinnately  branched;  plants  ascending T.  abietinum 

Stems  mostly  bipinnately  branched;  plants  prostrate 4 

4.  Stem    leaves    abruptly    acuminate,    margin    plane,    midrib 

percurrent;  perichaetial  leaves  not  ciliate. . .  .T.  recognitum 
Margin  of  stem  leaves  revolute,  midrib  vanishing  below 
the    apex    S 

5.  Branches    densely    paraphyllose;    stem    leaves    gradually 

acuminate,  coarsely  papillose;  perichxtial  leaves  ciliate 

T.  delicatolum 
Branches  with  few  or  no  paraphyllia;  stem  leaves  minutely 
papillose;  perichxtial  leaves  not  ciliate T.  Alleni 

Thuidium  pygmaeum  Br.  &  Sch.  Hxpnum  pygnueum 
Sull. 

Rocks  or  earth  in  the  woods.  Summer.  New  Haven: 
Cheshire  (1879),  /.  A.  Allen. 

New  England  to  Ohio ;  Canada ;  Asia. 

Thuidium  minutulum  (licdw.)  Br.  &  Sch.  Hypnum 
minutulum  Hedw. 

At  the  base  of  trees  and  on  rotten  logs  in  the  woods. 
Autumn.  New  Haven:  New  Haven  (1855)  and  Orange, 
Pnton;  Oxford,  Hargcr;  Woodbridge,  Evans. 
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NewBrunswick  to  Minnesota,  south  to  Florida  and  Mexico ; 
Europe. 

Ref.     Eaton,  15,  65. 

Thuidium  recognitum  (Hedw.)  Lindb.  Hypnum  recog- 
nitutn  Hedw. 

On  the  ground,  rotten  wood,  and  rocks  in  moist  woods. 
Nov.-Dec.  Litchfield:  Salisbury,  Gilman,  Hartford: 
Hartford,  Mrs.  Lowe,  Tolland:  Stafford,  Nichols.  Wind- 
ham: Canterbury,  Mrs.  Hadley.  Fairfield:  Darien,  Mrs. 
Lowe.  New  Haven:  East  Haven  (1855),  Eaton;  Hamden, 
/.  A.  Allen.    Middlesex  :  Killingworth,  Nichols. 

Labrador  to  Yukon  Territory,  south  in  the  east  to  Florida ; 
Europe;  Asia;  Africa. 

Thuidium  delicatulum  (L.)  Br.  &  Sch.  Hypnum  deli- 
catulum  L. 

On  the  ground,  rocks,  and  rotten  wood  in  moist  woods. 
Nov.-Dec.  Litchfield:  New  Milford,  Nichols;  Norfolk, 
Eaton;  Salisbury,  Gilman.  Hartford:  Burlington,  Nichols; 
West  Hartford,  Miss  Lorenz.  Tolland:  Ellington,  Pease; 
Stafford,  Nichols.  Windham:*  Canterbury,  Mrs.  Hadley. 
Fairfield:  Danbury,  Nichols;  Darien,  Mrs.  Lowe.  New 
Haven  :  East  Haven  and  Hamden,  Eaton;  Madison,  Nichols; 
New  Haven,  /.  A.  Allen;  Orange,  Evans;  Oxford,  Harger; 
Woodbridge  (1875),  Eaton.  Middlesex:  Chester  and  Kil- 
lingworth, Nichols.  New  London:  North  Stonington  and 
Waterford,  C.  B.  Graves. 

Labrador  to  the  Rocky  Mountains,  south  to  the  Gulf  States 
and  Mexico;  West  Indies;  Central  and  South  America; 
Europe;  Asia. 

Ref.     Eaton,  15,  65.    Mrs.  Lowe,  59. 

Thuidium  AUeni  Aust.    Hypnum  Alleni  Lesq.  &  James. 
Peat  bogs.     Mature  sporophyte  unknown.     New  Haven: 
New  Haven  (1880),  /.  A.  Allen. 
Connecticut  to  Louisiana. 
Ref.     Austin,  4,  15,  16.     Grout,  37,  240.     Lesquereux  & 
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James,   50,   327.     Paris,   61,  275;   6a*,   3.     Rau   &    Hervey, 
64,  52.    Renauld  &  Cardot,  65,  16. 

Thuidium  abietinum  (L.)  Br.  &  Sch.  Hypmim  abieiimtm 
L. 

On  rocks  and  the  ground  in  dry,  open  woods,  especially 
in  calcareous  districts.  Spring;  not  yet  found  fruiting  in 
the  eastern  United  States.  Litchfield:  Sali*=bury  (1907), 
Nichols, 

Greenland  to  Virginia,  westward  to  Alaska  and  the  Rocky 
Mountains  ;  Europe ;  Asia. 

Elodium  (Sull.)  Warn^t. 

Elodium  paludosum  (Sull.)  Loeske.  Hypnum  paludosum 
Sull.    Thuidium  paludosum  Jaeg.  &  Sauerb. 

On  the  ground  in  swamps  and  bogs.  June.  Hartford: 
Canton,  Nichols,  Windham:  Canterbury,  Mrs.  Hadley. 
Fairfield:  Darien,  Mrs.  Lozve;  Stratford,  Nichols,  New 
Haven:  East  Haven,  O,  D.  Allen;  Hamden  and  New  Haven 
( 1856),  Eaton;  Orange,  Evans;  Woodbridge.  Eaton.  Middle- 
sex: Chester,  /.  A.  Allen;  Middlefield,  Evans;  Saybrook, 
Eaton. 

Ontario  and  New  England,  south  to  Delaware  and  Illinois ; 
Asia. 

r-xsic.  Grout,  N.  Amer.  Musci  Pleuro.  No.  156  (as 
Thuidium  paludosum). 

Ref.  Eaton,  15,  66.  Mrs.  Hadley,  40.  Mrs.  Lowe,  58. 
Rau,  63,  152. 

FAMILY  HYPNACE^ 

Camptothecium  Br.  &  Sch. 

Camptothecium  nitens  (Schreb.)  Schimp.  Hypnum 
nitens  Schreb. 

Swamps,  bogs,  and  wet  meadows.  May- June.  Hartford  : 
Berlin  (1875),  Coleman. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia. 

Ref.    Eaton,  15,  66. 
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Brachythecium  Br.  &  Sch. 

1.  Stalk  smooth  throughout    2 

Stalk  more  or  less  roughened 5 

2.  Dioicous    3 

Monoicous    4 

3.  Capsules  erect  and  symmetrical B.  acuminatum 

Capsules  unsymmetrical,  more  or  less  inclined . .  B.  oxycladon 

4.  Stem    leaves    gradually   narrowed   from   base   to   slender 

apex    B.  acutum 

Stem  leaves  ovate-lanceolate B.  salebrosum 

5.  Stalk  rough  above,  nearly  smooth  below;  monoicous 6 

Stalk  rough  throughout  with  large,  crowded  papillae 8 

6.  Midrib  extending  nearly  to  apex  of  leaf Q.  populeum 

Midrib  extending  to  middle  of  leaf  or  a  little  beyond....       7 

7.  Cilia    appendiculate    B.  plumosum 

Cilia   not   appendiculate    B.  campestre 

8.  Dioicous    .^ 9 

Monoicous    10 

9.  Cells  of  branch  leaves  about  5  times  as  long  as  broad, 

unipapillate  B.  Novae-Angliae 

Cells  of  branch  leaves  at  least  8  times  as  long-  as  broad, 

smooth  B.  rivulare 

ID.    Stem  leaves  lanceolate;  cilia  not  appendiculate.  .B.  velutinum 

Stem  leaves  ovate  to  triangular-ovate 11 

II.     Cilia  not  appendiculate  B.  Rutabulum 

Cilia  appendiculate   B.  Starkei 

Brachythecium  salebrosum  (Hoffm.)  Br.  &  Sch.  Hyp- 
num  salebrosum  Holfm. 

On  rocks  and  earth,  trunks  and  roots  of  trees,  and  decaying 
wood,  in  moist  shaded  places,  especially  in  pine  or  hemlock 
woods.  Autumn.  Hartford  :  Farmington,  Mrs.  Lowe.  Tol- 
land: Stafford,  Nichols.  Windham:  Canterbury,  Mrs. 
Hadley.  Fairfield:  Darien,  Mrs.  Lowe.  New  Haven: 
Cheshire  and  East  Haven,  Nichols;  Guilford,  Hamden,  and 
New  Haven  (1S56),  Eaton;  North  Haven,  Harger;  Orange, 
Nichols;  Woodbridge,  Evans.  New  London  :'  North  Stoning- 
ton,  C.  B.  Graves. 

Arctic  America,  Canada,  and  southward  to  South  Caro- 
lina and  Missouri ;  Europe ;  Asia ;  Africa. 

Ref.     Eaton,  15,  66. 
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Brachytheciiim  campestre  (C.  Mull.)  Br.  &  Sch.  Hyp- 
num  campestre  Bruch. 

Wet  non-calcareous  rocks,  moist  banks,  or  decaying  logs. 
Winter.  Litchfield:  Salisbury,  Nichols.  New  Haven: 
Hamden  (1876),  Pease;  New  Haven,  Eaton;  North  Branford, 
/.  A,  Allen.    New  London  :  New  London,  C.  B.  Graves. 

Canada  and  the  northern  United  States,  south  to  the 
mountains  of  Alabaina  and  Colorado;  Europe;  Asia;  Africa. 

Ref.     Eaton,  15,  66. 

Brachythecium  acutum  (Mitt.)  Sull.  Hyftnum  acutum 
Mitt. 

On  rotten  logs  and  earth  in  moist  places.  Autumn.  New 
Haven:  New  Haven  (1875),  P^cis^- 

Canada  and  the  northern  United  States,  south  to  Arkansas. 

Brachythecium  oxycladon  (Brid.)  Jaeg.  &  Sauerb.  Hyp- 
num  latum  Brid.    Brachythecium  latum  Br.  &  Sch. 

Earth,  rocks,  and  roots  of  trees  in  open  woods.  Autumn. 
Litchfield:  New  Milford,  Nichols;  Salisbury,  Evans.  Tol- 
land :  Somers,  Pease;  Stafford,  Nichols.  Windham  :  Canter- 
bury, Mrs.  Hadley.  Fairfield:  Darien,  Mrs.  Lowe;  Hunt- 
ington, Sherman,  and  Stratford,  Nichols.  New  Haven: 
Cheshire  (1856),  Eaton;  Hamden,  /.  A.  Allen;  New  Haven 
and  Orange,  Eaton;  Woodbridge,  Nichols.  Middlesex  :  Kil- 
lingworth,  Nichols;  Saybrook,  Eaton.  New  London  :  Water- 
ford,  C  B.  Graves. 

Newfoundland  to  Florida,  westward  to  the  Rocky 
Mountains;  Europe. 

Ref.     Eaton,  15,  66. 

Brachythecium  Rutabulum  (L.)  Br.  &  Sch.  Hypnum 
Rutabulum  L. 

Earth,  stones,  trees,  and  rotting  wood  in  shaded  places. 
Winter.  Litchfield:  Salisbury,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley.  Fairfield:  Darien,  Mrs.  Lowe; 
Sherman,  Nichols.  New  Haven  :  Cheshire,  Nichols;  Ham- 
den, 7.  A.  Allen;  New  Haven  (1855),  Eaton;  Oxford,  Harger. 
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Middlesex:  Saybrook,  Eaton,  New  Lond< 
C,  B.  Graves. 

Newfoundland  to  Michigan,  south  to  ^ 
souri,  and  on  the  Pacific  slope;  Greenlan 
Africa. 

Exsic.  Grout,  N.  Amer.  Musci  Pleuro. 
&  Cardot,  Musci  Amer.  Sept.  No.  243. 

Ref.    Eaton,  15,  66. 

Brachythecium  rivulare  Br.  &  Sch. 
Bruch. 

Wet  rocks  in  brooks,  swamps,  and 
Litchfield:  Salisbury,  Nichols,  Harti 
Nichols;  Hartford,  Mrs.  Lowe.  Tolland 
Windham  :  Windham,  Nichols.  New  Hav 
Nichols;  Bethany  (1876),  Eaton;  Cheshire, 
/.  A.  Allen;  Woodbridge,  Brewster. 

Northern  North  America,  south  to  N 
Missouri ;  Europe ;  Asia. 

Exsic.    Renauld  &  Cardot,  Musci  Amei 

Ref.    Eaton,  15,  66. 

Brachythecium  acuminatum  (Hedw.) 
{acuminatum  Beauv. 

On  roots  of  trees,  decaying  logs,  and  roc 
Autumn.  Litchfield:  Salisbury,  Gilma\ 
Orange  (1889),  Eaton. 

Nova  Scotia  to  Minnesota  and  Color; 
Gulf  States. 

Brachythecium  plumosum  (Sw.)  Br. 
plumosum  Sw. 

Wet  non-calcareous  rocks  in  brooks. 
field:  Salisbury,  Oilman.  Tolland:  Sta 
Nichols.  Windham:  Canterbury,  Mrs.  } 
Nichols.  Fairfield  :  Darien  and  Norwalk, 
Haven:  Beacon  Falls,  Nichols;  Cheshire, 
Hamden,  O.  D.  Allen;  New  Haven  (1855 
Evans;  Oxford,  Harger;  Woodbridge,  Ec 
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Killingworth,  Nichols.  New  London:  Waterford,  C  B. 
Graves. 

Newfoundland  to  British  Columbia,  south  in  the  east  to 
Alabama;  Europe;  Asia;  Hawaiian  Islands. 

Rep.    Eaton,  15,  66.    Mrs.  Lowe,  57. 

Brachythecium  populeum  (Hedw.)  Br.  &  Sch.  Hypnum 
populeum  Hedw. 

Stones,  roots,  and  trunks  of  trees,  in  shaded  places,  es- 
pecially in  pine  woods.  Winter.  Windham:  Canterbury, 
Mrs.  Hadley.  New  Haven:  East  Haven  (1874),  Young; 
Hamden,  O.  D.  Allen;  Madison,  Nichols;  New  Haven,  Eaton. 

Var.  rufescens  Br.  &  Sch.    Hypnum  petrophilum  Funck. 

On  trap  rock.  New  Haven:  New  Haven  (1876),  Pease. 
The  only  American  locality  for  the  variety. 

Nova  Scotia  to  Ontario,  south  to  North  Carolina ;  British 
Columbia;  Europe;  Africa. 

Ref.    Eaton  15,  66.    Grout,  34,  190  (var.  rufescens). 

Brach3rthecium  Starkei  (Brid.)  Br.  &  Sch.  Hypnum 
Starkei  Hedw. 

At  the  base  of  trees,  on  rotting  stumps  and  earth,  in  moist 
mountainous  or  hilly  woods.  Winter.  Fairfield:  Darien, 
Mrs.  Lowe.    New  Haven:  Woodbridge  (1877),  O.  D.  Allen. 

Arctic  America,  Canada,  and  the  northern  United  States ; 
Europe. 

Brachythecium  Novae-Angliae  (Sull.  &  Lesq.)  Jaeg.  & 
Sauerb.     Hypnum  Novce-Anglia:  Sull.  &  Lesq. 

On  the  ground  in  swamps  and  wet  woods.  Winter. 
Litchfield:  Salisbury,  Nichols.  Tolland:  Bolton  and 
Stafford,  Nichols.  Windham:  Canterbury,  Mrs.  Hadley. 
Fairfield:  Danbury,  Nichols;  Darien  and  Norwalk,  Mrs. 
Lowe;  Redding,  Evans.  New  Haven  :  Beacon  Falls,  Nichols; 
East  Haven,  Evans;  Hamden,  Pease;  Madison,  Nichols; 
New  Haven  (1855),  Eaton;  North  Haven,  Nichols;  Orange, 
Evans.  Middlesex  :  Saybrook,  Eaton.  New  London  :  Led- 
yard,  Nichols. 
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Canada  southward  to  North  Carolina  and  Missouri ; 
Europe;  Asia. 

Ref.    Eaton,  15,  66. 

Brachythecium  velutinum  (L.)  Br.  &  Sch.  Hypnum 
velutinum  L. 

On  earth  and  rocks,  at  the  base  of  trees,  and  on  rotting 
wood.  Winter.  New  Haven  :  East  Haven,  Evans;  Hamden 
(1875),  young;  New  Haven,  Eaton. 

Canada  and  the  northern  United  States ;  Europe ;  Asia. 

Ref.    Eaton,  15,  66. 

Cirriphyllum  Grout 

Stalk   smooth    C.  Boscii 

Stalk  rough    C.  pilifenim 

Cirriphyllum  pilifcrum  (Schreb.)  Grout.  Hypnum  pili- 
ferum  Schreb.    Eurynchium  piliferum  Br.  &  Sch. 

On  the  ground  and  at  the  base  of  trees  in  wet  woods  and . 
meadows.      Fruit    rare,    autumn.      Litchfield:     Salisbury, 
Nichols,    Hartford  :  Farmington,  Mrs.  Lowe.    New  Haven  : 
Woodbridge  (1876),  O.  D.  Allen. 

Newfoundland  to  Maryland  and  Ohio;  Montana  to  Cali- 
fornia ;  Greenland ;  Europe ;  Asia. 

Ref.    Eaton,  15,  66. 

Cirriphyllum  Boscii  (Schwaegr.)  Grout.  Hypnum  Boscii 
Schwaegr.    Eurynchium  Boscii  Jaeg.  &  Sauerb. 

On  rocks  or  on  the  ground  in  moist  open  woods.  Fruit 
rare,  autumn.  Litchfield:  Salisbury,  Mc/w/j.  Windham: 
Canterbury,  Mrs.  Hadley.  Fairfield:  Huntington,  Nichols; 
Redding,  Evans;  Sherman,  Nichols.  New  Haven:  Derby, 
O.  D.  Allen;  East  Haven,  Hamden,  and  Madison,  Nichols; 
Meriden,  Miss  Lorenz;  New  Haven  (1855),  Eaton;  Orange, 
Evans;  Oxford,  Harger.  Middlesex  :  Killingworth,  Nichols; 
Saybrook,  Eaton.  New  London:  Ledyard,  Nichols;  New 
London,  C.  B.  Graves;  Norwich,  Setchell;  Old  Lyme,  Eaton. 

Vermont  to  Florida,  westward  to  Colorado  and  Arkansas. 

Ref.    Eaton,  15,  66.    Mrs.  Hadley,  41. 
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Eurynchium  Br.  &  Sch. 

1.  Stalk  smooth    2 

Stalk    rough    4 

2.  Mosses  growing  on  earth,  rocks,  or  logs  in  moist  woods      3 
Mosses  growing  on  wet  rocks  in  brooks  or  springs 

£.  rusciforme 

3.  Leaves  spreading;  branches  attenuate £.  strigosum 

Leaves  appressed-imbricated;  branches  short,  julaceous.. 

E.  diversifolium 

4.  Leaves  distinctly  papillose;  median  cells  4-6  times  as  long 

as  broad E.  graminicolor 

Leaves   smooth   or  only  slightly  papillose;   median   cells 
6-10  times  as  long  as  broad E.  hians 

Eurynchium  strigosum  (Hoffm.)  Br.  &  Sch.  Hypnum 
strigosum  Hoffm. 

Gravelly  soil  or  rocks,  roots  and  old  logs,  in  open  woods. 
Autumn.  Tolland:  Ellington,  P^oj^.  Windham:  Canter- 
bury, Mrs.  Hadley,  New  Haven  :  East  Haven,  Eaton;  Ham- 
den,  Pease;  New  Haven  (1855),  Eaton;  Orange,  Nichols; 
Oxford,  Harger;  Woodbridge,  Eaton.  Middlesex:  Killing- 
worth,  Nichols, 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia ;  Africa. 

Ref.     Eaton,  15,  66. 

Eurynchium  diversifolium  Br.  &  Sch.  Hypnum  diversi- 
folium Schimp. 

Soil  and  rocks  in  mountainous  woods.  Late  autumn. 
Fairfield  :  Huntington,  Nichols,  New  Haven  :  East  Haven, 
Cramer;  Hamden  and  New  Haven  (1866),  Eaton,  New 
London  :   Waterford,  C,  B,  Graves, 

Ontario  and  New  England  to  British  Columbia,  south  to 
Louisiana ;  Greenland  ;  Europe  ;  Asia. 

Ref.    Eaton,  15,  66. 
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On  rocks  and  the  ground,  rarely  on  wood,  in  moist 
shaded  places.  Autumn.  Litchfield:  Canaan  and  Salisbury, 
Nichols,  Tolland:  Stafford,  iViVAofa.  New  Haven:  Bran- 
ford  and  Cheshire  (1858),  Eaton;  Derby,  O.  D,  Allen;  Ham- 
den,  Eaton;  Oxford,  Harger;  Woodbridge,  /.  A.  Allen. 

New  Brunswick  to  Minnesota,  south  to  Georgia. 

Exsic.  Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  196 
(as  E.  Sullivantii), 

Ref.    Eaton,  15,  66.    Grout,  35,  233. 

Eurynchium  hians  (Hedw.)  Jaeg.  &  Sauerb.  Hypnum 
hians  Hedw. 

Moist  earth  in  open  woods.  Late  autumn.  Litchfield: 
Salisbury,  Nichols.  Hartford:  Burlington  and  Canton, 
Nichols;  Manchester,  Cheney,  Tolland:  Bolton  and  Staf- 
ford, Nichols.  Windham  :  Windham,  Nichols,  New  Haven  : 
Cheshire  (1855),  Blackman;  East  Haven,  Eaton;  Hamden, 
/.  A.  Allen;  Meriden,  Miss  Lorenz;  New  Haven,  Eaton; 
Woodbridge,  Evans.     Middlesex:   Killingworth,  Nichols. 

Nova  Scotia  to  British  Columbia,  south  in  the  east  to 
Alabama;  Europe. 

Ref.    Eaton,  15,  66. 

Eurynchium  rusciforme  (Neck.)  Milde.  Hypnum  rusci- 
forme  Neck.    Rhynchostegium  rusciforme  Br.  &  Sch. 

Dripping  rocks  and  wet  stones  in  brooks.  Autumn. 
Litchfield:  Salisbury,  Gilman.  Hartford:  Burlington  and 
Granby,  Nichols.  Tolland:  Stafford  and  Vernon,  Nichols. 
Fairfield:  Monroe,  Miss  Lorenz;  Redding,  Evans.  New 
Haven  :  Beacon  Falls,  Nichols;  Hamden  and  New  Haven 
(1856),  Eaton;  Orange,  Evans;  Oxford,  Harger;  Wood- 
bridge,  O.  D,  Allen.  Middlesex  :  East  Haddam,  C.  B.  Graves; 
Killingworth,  Nichols.    New  London  :   Ledyard,  Nichols. 

Newfoundland  to  Ontario,  south  to  Georgia,  and  on  the 
Pacific  slope;  Europe;  Asia;  Africa. 

Exsic.  Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  197 
(as  Rhynchostegium  rusciforme), 

Ref.    Eaton,  15,  67. 
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Rhynchostegium  Br.  &  Sch. 

Rhynchostegium  semilatum  (Hedw.)  Jaeg.  &  Sauerb. 
Hypnum  serrulatutn  Hedw. 

On  earth,  roots  of  trees,  and  logs  in  the  woods.  Autumn. 
Litchfield:  New  Milford  and  Salisbury,  Nichols.  Hart- 
ford :  Farmington,  Mrs.  Lowe.  Tolland  :  Stafford,  Nichols. 
Windham:  Canterbury,  Mrs,  Hadley.  Fairfield:  Darien, 
Mrs.  Lowe;  Huntington,  Nichols;  Norwalk,  Mrs.  Lowe.  New 
Haven:  East  Haven,  Guilford,  and  Meriden,  Eaton;  Madi- 
son, Nichols;  New  Haven  (1855),  Eaton;  Orange,  Evans; 
Oxford,  Harger.  Middlesex:  Chester  and  Killingworth, 
Nichols.    New  London  :  Waterford,  C.  B.  Graves. 

Newfoundland  to  Wisconsin,  south  to  the  Gulf  of  Mexico ; 
Alaska;  British  Columbia. 

Ref.    Eaton,  15,  67. 

Sematophyllum  Mitt. 

1.  Plants  growing  on  wet  rocks;  monoicous;  leaves  entire; 

cilia  one  or  two,  short  and  imperfect S.  carolinianum 

Plants  growing  on  trees,  decayed  logs,  or  shaded  banks; 
dioicous    2 

2.  Cilia  two,  well  developed;  leaves  serrulate  at  apex 

S.  recurvans 
Cilia  none  or  rudimentary;  leaves  sharply  serrate  at  apex 

S.  tenturostre 

Sematophyllum  recurvans  (Michx.)  E.  G.  Britton. 
Hypnum  recurvans  Beauv.    Rhynchostegium  recurvans  Aust. 

At  the  base  of  trees,  on  rotten  logs,  and  on  the  ground, 
in  moist  woods,  especially  in  mountainous  or  hilly  regions. 
Autumn.  Litchfield:  Salisbury,  G»7wan.  Hartford:  Hart- 
ford, Mrs.  Lowe,  Tolland:  Stafford,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley.  Fairfield:  Danbury,  Nichols. 
New  Haven:  Beacon  Falls,  Nichols;  Hamden  (1855), 
Eaton;  Oxford,  Harger;  Woodbridge,  Eaton.  Middlesex: 
Killingworth,  Nichols. 

Var.  squarrosa  (Michx.)  E.  G.  Britton.  Leskea  squar- 
rosa  Michx. 

New  Haven:   New  Haven  (1890),  Chatterton. 
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Newfoundland  to  Manitoba,  south  to  North  Carolina  and 
Missouri;  Mexico. 

Ref,  Mrs.  E.  G.  Britton,  lo,  6i  (var.  sqiiarrosa).  Eaton, 
15,  67. 

Sematophyllum  tenuirostre  (Br.  &  Sch.)  E.  G.  Britton. 
Hypnum  cylindrocarpum  C.  Mull.  Rhynchostegium  cylindro- 
carpum  Aust. 

On  rocks  and  decaying  logs  in  the  woods.  Autumn.  New 
Haven:  Hamden  (1878),  /.  A.  Allen, 

Labrador  and  Newfoundland,  south  to  Georgia. 

Ref.    Eaton,  15,  67. 

Sematophyllum  carolinianum  (C.  Miill.)  E.  G.  Britton. 
Hypnum  demissum  Wils.   var.   carolinianum   SuU.   &  Lesq. 

Wet,  non-calcareous  rocks  in  mountain  or  hill  ravines. 
Autumn.  Ljtchfield  :  Salisbury,  Nichols.  Hartford  :  Hart- 
ford, Mrs.  Lowe.  Fairfield:  Darien,  Mrs.  Lowe.  New 
Haven:  Orange  (1875),  ^oung;  Woodbridge,  /.  A.  Allen. 
Middlesex:   Killingworth,  Nichols. 

Newfoundland  to  the  Gulf  States;  Asia. 

Exsic.  Grout,  N.  Amer.  Musci  Pleuro.  No.  307  (as 
Raphidostegium  carolinianum). 

Isopterygium  Mitt. 

1.  Leaves  distinctly  serrulate,  at  least  in  the  apical  half 2 

Leaves  entire,  or  nearly  so 3 

2.  Plants   monoicous;   leaves   serrulate   to  the   middle 

I.  turfaceum 
Plants  dioicous;  leaves  serrulate  to  the  base.. I.  deplanatum 

3.  Leaves     perfectly     entire,     without     axillary    propagula; 

branchlets  tending  to  become  flagelliform  at  the  tips 

I.  Muellerianum 
Leaves  slightly  serrulate  at  apex,  and  frequently  producing 
numerous  leafy  propagula  in  the  axils;  branchlets  never 
flagelliform   I.  elegans 

Isopterygium  deplanatum  (Schimp.)  Jaeg.  &  Sauerb. 
Hypnum  deplanatum  Schimp.  Rhynchostegium  deplanatum 
SuU. 

On  earth,  flat  stones,  or  rotten  wood  in  moist  woods. 
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Fruit   rare,   autumn.     Tolland:     Stafford,   Nichols.     New 
Haven:  Cheshire,  Evans;  Hamden  (1876),  Pease. 

Nova  Scotia  to  Manitoba,  south  to  Maryland  and  Missouri. 

Ref.    Eaton,  15,  67. 

Isopterygium  turfaceum  Lindb.  Hypnum  turfaceum 
Lindb. 

In  peat  bogs  or  on  moist  rich  soil  in  the  woods.  Early 
summer.  Litchfield:  Salisbury,  Nichols.  New  Haven: 
East  Haven,  Nichols;  Woodbridge  (1880),  /.  A.  Allen. 

Ginada  south  to  Georgia  and  Texas ;  Europe. 

Isopterygium  Muellerianum  (Schimp.)  Lindb.  Hypnum 
Muellerianum  Hook.  f. 

Moist  rocks  and  earth  in  mountainous  or  hilly  ravines. 
Fruit  rare,  late  summer.  Litchfield:  Salisbury,  Miss  Lo- 
rem.  Hartford:  Manchester,  Miss  Lorenz.  New  Haven: 
Beacon  Falls,  Nichols;  Hamden  (1880),  /.  A.  Allen.  Mid- 
dlesex:  Killingworth,  Nichols. 

New  England  to  North  Carolina  and  Ohio ;  Europe ;  Asia. 

Isopterygium  elegans  (Hook.)  Lindb.  Hypnum  elegans 
Hook. 

On  the  ground  and  rocks  in  mountainous  or  hilly  woods. 
Summer.  New  Haven  :  Beacon  Falls,  Nichols;  Woodbridge 
(1879),  /.  A.  Allen. 

Throughout  northern  North  America,  and  south  along  the 
mountains  to  Alabama;  Europe;  Asia. 

Plagiothecium  Br.  &  Sch. 

1.  Leaves    equally    spreading,    alar    cells    greatly    enlarged; 

branches  erect   P.  striatellum 

Leaves  more  or  less  complanate 2 

2.  Teeth  of  peristome  not  confluent  at  base  and  without  cross 

striations  on  outer  surface;  cilia  lacking P.  latebricola 

Teeth  of  peristome  confluent  at  base  and  distinctly  trans- 
versely striate  on  outer  surface;  cilia  present 3 

3.  Monoicous;  stems  depressed;  leaves  distinctly  complanate, 

pale  green,  very  glossy P.  denticulatum 

Dioicous    4 
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4.    Stems   depressed;   leaves  distinctly   complanate,  acute   to 

acuminate,  dark  green,  scarcely  glossy P.  sylvaticum 

Stems  ascending;  leaves  obscurely  complanate  or  spread- 
ing, distinctly  acuminate,  pale  green,  glossy... P.  Roeseanum 
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East  Haven,  Eaton;  Hamden,  Pease;  New  Haven,  /.  A,  Allen; 
North  Haven,  Nichols;  Orange  (1874),  Young.  Middlesex: 
Killingworth,  Nichols. 

Var.  laetum  (Br.  &  Sch.)  Lindb. 

Tcmlland:  Ellington,  Pease.  New  Haven:  New  Haven 
(1876)  and  Woodbridge,  Eaton. 

Arctic  America,  Canada,  and  the  northern  United  States, 
southward  along  the  mountains;  South  America;  Europe; 
Asia ;  Africa ;  New  Zealand ;  Tasmania. 

Ref.    Eaton,  15,  67. 

Plagiothecium  striatellum  (Brid.)  Lindb.  Hypnutn 
Muhlenbeckii  Spruce.    P.  Muhlenbeckii  Br.  &  Sch. 

On  earth,  non-calcareous  rocks,  and  rotten  logs  in  the 
woods.  Sunmier.  Litchfield:  Salisbury,  Giltnan.  Hart- 
ford: East  Hartford,  Mrs,  Lowe.  Tolland:  Ellington, 
Pease;  StaflFord,  Nichols.  Windham:  Canterbury,  Mrs. 
Hadley.  Fairfield:  Darien,  Mrs.  Lowe;  Easton,  Eames; 
Norwalk,  Mrs.  Lowe;  Redding,  Evans;  Stratford,  Eames. 
New  Haven:  Beacon  Falls,  Nichols;  East  Haven,  /.  A. 
Allen;  Hamden  and  New  Haven  (1866),  Eaton.  Middlesex: 
Durham,  Evans;  Killingworth,  Nichols;  Saybrook,  Eaton. 
New  London:  East  Lyme,  C.  B.  Graves;  Ledyard,  Nichols; 
Old  Lyme  and  Waterford,  C.  B.  Graves. 

Greenland  and  Newfoundland  to  Minnesota,  south  to  North 
Carolina;  Alaska;  Europe. 

Ref.    Eaton,  15,  67.    Mrs.  Lowe,  56. 

Amblystegiella  Loeske 

Plants  minute  (0.5-1  cm.  long);  leaves  0.2-04  mm.  long.. 

A.  confervoidcs 
Plants  larger   (2-4  cm.  long);  leaves  0.8-1.2  mm.  long.. 

A  adnata 

Amblystegiella  confervoides  (Brid.)  fioeske.  Hypnum 
confervoides  Brid. 

Shaded  limestone  ledges.  Summer.  Litchfield:  Salis- 
bury, Nichols.    Fairfield:   Sherman  (.1906),  Evans. 

New  Brunswick  to  Connecticut  and  Ohio,  westward  to 
the  Rocky  Mountains ;  Europe ;  Asia. 
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Exsic.  Grout,  N.  Amer.  Musci  Pleuro.  No.  317  (a 
Atnblystegiutn  confervoides) . 

Amblystegiella  adnata  (Hedw.)  Nichols.  Hypnuf 
adnatum  Hedw.    Amblystegiutn  adnatutn  Aust. 

On  rocks  and  at  the  base  of  trees  in  the  woods.  Autumi 
Litchfield:  Salisbury,  Nichols.  Fairfield:  Danbur 
Nichols;  Darien,  Mrs,  Lowe.  New  Haven:  East  Havei 
Eaton;  Meriden,  Nichols;  New  Haven  (1875),  Eaton;  Wooc 
bridge,  /.  A.  Allen.  New  London:  New*  London,  C.  I 
Graves. 

New  Brunswick  to  British  Columbia,  south  to  North  Care 
Una  and  Texas;  Asia. 

Ref.    Eaton,  15,  67. 

Amblystegium  Br.  &  Sch. 

1.  Leaves  with  a  distinct  border,  midrib  joining  border  at 

apex    A.  Lescur 

Leaves  not  bordered 

2.  Midrib  extending  nearly  or  quite  to  apex 

Midrib  disappearing  at  the  middle  or  above 

3.  Leaves  not  acuminate,  apex  blunt A.  fluviatil 

Leaves  acuminate,  apex  acute 

4.  Basal  cells  abruptly  enlarged A  irriguui 

Basal  cells  not  enlarged 

5.  Midrib  ceasing  below  apex,  0.024-0.035  mm.  wide  at  base . . 

A  variui 
Midrib  commonly  strong,  excurrent,  0.065-0.225  mm.  wide 
at  base  A.  noterophilui 

6.  Cells  near  middle  of  leaf  10-15  times  as  long  as  broad 

A  ripariui 
Cells  near  middle  of  leaf  8  times  as  long  as  broad,  or  less. . 

7.  Alar  cells  quadrate  or  transversely  elongated A.  serper 

Alar  cells  oblong 

8.  Stem  leaves  0.9-1.2  mm.  long A.  Juratzkanui 

Stem  leaves  1.2-1.6  mm.  long A.  Kocfa 

Amblystegium  serpens  (L.)  Br.  &  Sch.  Hypnum  so 
pens  L. 

On  the  roots  and  at  the  base  of  trees,  on  decaying  log 
soil,  and  rocks  in  moist  woods.     Early  summer.    Litchfiele 
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Salisbury,  Nichols.  Hartford:  Hartford,  Mrs.  Lowe.  Tol- 
land: Ellington,  Pease.  New  Haven:  Branford  and  Ham- 
den,  O.  D.  Allen;  New  Haven  (1855),  Eaton;  New  London: 
Waterford,  C.  B.  Graves. 

Arctic  America  to  the  Gulf  of  Mexico ;  found  in  most  parts 
of  the  world. 

Ref.    Eaton,  15,  67. 

Amblystegium  Juratzkanum  Schimp. 

Moist  stones  or  earth.  Early  summer.  Litchfield: 
Salisbury  (1905),  Nichols.  Windham:  Canterbury,  Mrs. 
Hadley.    New  Haven  :   North  Branford,  Evans: 

Temperate  North  America;  Europe;  Asia. 

Amblystegium  varium  (Hedw.)  Lindb.  Hypnum  oriho- 
cladon  Brid.  Amblystegium  radicale  Br.  &  Sch.  Hypnum 
radicale  Wils.    Amblystegium  orthocladon  Mac.  &  Kindb. 

On  stones,  earth,  or  rotten  wood,  and  at  the  base  of  trees 
in  moist  woods.  Late  spring.  Litchfield:  Salisbury,  Gil- 
man.  Hartford:  Canton,  Nichols;  Windsor,  IV.  E.  Britton. 
Tolland:  Ellington,  Pease;  Stafford,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley.  Fairfield:  Darien,  Mrs.  Lowe; 
Redding,  Evans.  New  Haven  :  Cheshire,  Nichols;  East 
Haven,  Hamden,  and  New  Haven,  O.  D.  Allen;  North  Bran- 
ford, Evans;  Orange  (1874),  Kleeberger.  Middlesex: 
Chester,  Nichols.     New  London:   Groton,  C.  B.  Graves. 

Southern  Canada  to  the  Gulf  of  Mexico ;  Europe. 

Ref.    Eaton,  15,  67. 

Amblystegium  irriguum  (Wils.)  Br.  &  Sch.  Hypnum 
irriguum  Wils. 

On  earth  or  stones,  not  on  limestone,  in  wet  places,  fre- 
quently in  the  water.  Late  spring.  Hartford  :  Hartford  and 
Windsor,  Mrs.  Lowe. 

Ontario  southward  to  North  Carolina  and  Missouri; 
Europe ;  Asia ;  Africa. 

Ref.    Mrs.  Lowe,  58. 

Amblystegium  noterophilum  (Sull.)  Holzing.  Hypnum 
irriguum  var.  spinifolium  Lesq.  &  James. 
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In  or  at  the  margins  of  springs  and  streams  in  calcareous 
regions.  Rarely  fruiting;  summer.  Litchfield:  Salisbury, 
(1907),  Nichols. 

New  England  to  Pennsylvania,  westward  to  Montana  and 
Oregon. 

Amblystegium  fluviatilc  (Sw.)  Br.  &  Sch.  Hypnum 
AuviatUe  Sw. 

Rocks  or  earth  in  and  along  streams  in  non-calcareous 
districts.  Early  summer.  Litchfield:  Salisbury,  Nichols, 
Hartford:  Berlin,  Coleman;  Plain ville  and  Southing^on, 
Chamberlain.  Tolland:  Ellington,  Pease;  StaflFord,  Nichols. 
Windham:  Canterbury,  Mrs.  Hadley.  New  Haven: 
Cheshire,  Eaton;  East  Haven,  O.  D.  Allen;  Hamden,  Nichols; 
Meriden  (1856),  Eaton;  North  Branford,  Evans.  Middle- 
sex :  Killing^orth,  Nichols. 

Newfoundland  to  Wisconsin,  south  to  New  Jersey  and 
Missouri;  Europe. 

Exsic.  Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  246 
(2LS  A.  orthocladon) . 

Ref.     Eaton,  15,  67. 

Amblystegium  Lcscurii  (Sull.)  Aust.  Hypnum  Lescurii 
Sull. 

Wet  rocks  in  mountain  or  hill  streams.  Late  spring. 
Tolland  :  Ellington,  Pease;  Stafford,  Nichols.  New  Haven  : 
Ansonia,  O.  D.  Allen;  Beacon  Falls,  Nichols;  Hamden,  /.  A. 
Allen;  Orange  (1874),  Kleeberger.  New  London:  Groton, 
C.  B.  Graves;  Ledyard,  Nichols. 

Ontario  and  New  England,  south  to  Georgia. 

Amblystegium  riparium  (L.)  Br.  &  Sch.  Hypnum  ripa- 
rium  L. 

On  earth,  stones,  and  roots  of  trees,  in  swamps,  springs, 
or  running  water.  Late  spring.  Litchfield:  Litchfield, 
Mrs.  E.  G.  Britton;  Salisbury,  Nichols.  Hartford:  Hart- 
ford, Mrs.  Lowe;  Southington,  Nichols.  Tolland:  Bolton, 
Nichols;  Ellington,  Pease.  New  Haven  :  East  Haven,  Ham- 
den, and  New  Haven  (1856),  Eaton.  New  London:  Water- 
ford,  C.  B.  Graves. 
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Van  longifolium  (Schultz)  Br.  &  Sch. 
Fairfield:   Darien  (1903),  Mrs,  Lowe. 
Throughout   North   America,   and  in  most  parts   of  the 
world. 

Ref.     Eaton,  15,  67. 

Amblystegium  Kochii  Br.  &  Sch. 

On  earth  in  moist  woods.  Early  summer.  New  Haven: 
New  Haven  (1906),  Nichols. 

Probably  throughout  temperate  North  America;  Europe; 
Asia. 

Chrysohypnum  (Hampe)  G.  Roth 

1.  Midrib  wanting,  or  very  short  and  double 2 

Midrib  distinct,  single 4 

2.  Monoicous;  plants  small  (1-4  cm.  long);  leaves  finely  ser- 

rulate all  around C.  hispidulum 

Dioicous;  plants  larger  (5-10  cm.  long);  leaves  entire 3 

3.  Stems  erect  or  ascending:   leaves  gradually  acuminate.. 

C.  stellatum 
Stems    procumbent;    leaves    suddenly    ending   in    a    long 
pilif orm  acumen  C.  protensum 

4.  Leaves  squarrose,  alar  cells   scarcely  enlarged 

C.  chrysophyllum 
Leaves  erect,  spreading;  alar  cells  enlarged. .  .C.  polygamum 

Chrysohypnum  hispidulum  (Brid.)  G.  Roth.  Hypnum 
hispidulum  Brid. 

Roots  of  trees,  decayed  wood,  and  humus,  in  wet,  swampy 
woods.  Summer.  Litchfield:  Salisbury,  Nichols.  Hi\RT- 
ford:  Farmington,  Mrs.  Lowe.  Toll.\nd:  Ellington,  Pease, 
Windham  :  Canterbury,  Mrs.  Hadley,  New  Haven  : 
Cheshire  and  East  Haven,  Eaton;  Hamden,  /.  A.  Allen;  Madi- 
son, Nichols;  New  Haven  (1856),  Eaton;  Orange  and  Oxford, 
Harger,  New  London  :  New  London  and  Waterford,  C,  B. 
Graves, 

Canada  southward  to  North  Carolina  and  Missouri; 
Europe ;  Asia. 

RjEF.     Eaton,  15,  67. 

Chrysohypnum  chrysophyllum  (Brid.)  Loeske.  Hypnum 
chrysophyllum  Brid. 

Rocks,  earth,  roots,  and  stumps,  in  moist  places.    Summer. 
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Litchfield:  Salisbury,  GUman.  Hartford:  Farmington, 
Mrs.  Lowe;  West  Hartford,  Miss  Lorenz.  Tolland:  Elling- 
ton (1876),  Pease;  Stafford,  Nichols,  Windham:  Canter- 
bury, Mrs.  Hadley.  New  Haven  :  East  Haven,  Eaton;  Ham- 
den,  O.  D.  Allen;  New  Haven,  Pease;  Orange,  O.  D.  Allen. 
Middlesex:   Killingworth,  Nichols. 

Var.  tenellum  Schimp.    Hypnum  hergenense  Aust. 

New  Haven:  Ansonia,  O.  D.  Allen;  New  Haven  (1881), 
/.  A.  Allen. 

Canada  and  the  northern  United  States,  south  to  Louisiana ; 
Europe ;  Asia. 

Ref.    Eaton,  15,  67. 

Chrysohypnum  protensum  (Brid.)  Loeske.  Hypnum 
stellatum  var.  protensum  Rohl. 

On  hummocks  in  swamps,  and  on  the  ground  in  wet  places. 
Fruit  rare,  summer.  New  Haven:  Branford,  O.  D.  Allen; 
Cheshire,  Nichols;  New  Haven  (1880),  /.  A.  Allen.  New 
London:    Norwich,  Hatcher. 

Canada  and  the  northern  United  States;  Europe;  Asia. 

Chrysoh3rpnum  stellatum  (Schreb.)  Loeske.  Hypnum 
stellatum  Schreb. 

Wet  banks  and  swamps.  Summer.  Litchfield:  Salis- 
bury, Nichols.  Hartford:  Farmington  (1903),  Mrs.  Lowe; 
West  Hartford,  Miss  Lorenz.  Fairfield  :  Danbury,  Nichols: 
New  Haven  :   Meriden,  Miss  Lorenz. 

Arctic  America,  south  to  Virginia ;  Europe ;  Asia. 

Chrysoh3^num  polygamum  (Br.  &  Sch.)  Loeske.  Hyp- 
num polygamum  Wils. 

Moist  sandy  places  in  meadows  and  swamps.  Early  sum- 
mer. Windham:  Canterbury,  Mrs.  Hadley.  Fairfield: 
Stratford,  Eames.     New  Haven:     Oxford  (1890),  Harger. 

Arctic  America,  Canada,  and  the  northern  United  States ; 
Europe;  Asia. 

Cratoneuron  (SuU.)  G.  Roth 
Cratoneuron  filicinum  (L.)  G.  Roth.    Hypnum  Ulicinum  L. 
On  wet  limestone  rocks,  frequently  in  springs  or  swamps. 
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Fruit  rare,  spring.     Litchfield:    Salisbury  (1905),  Nichols, 
Fairfield:   Sherman,  Nichols, 

Arctic  America,  Canada,  and  the  northern  United  States, 
south  to  the  mountains  of  Utah ;  Europe ;  Asia ;  Africa. 

Rhytidiadelphus  (Lindb.)  Wamst. 

Stem  leaves  multiplicate,  rough  at  back R.  triquetnis 

Stem  leaves  not  plicate,  smooth  at  back R.  ■quarrosos 

Rhytidiadelphus  triquetnis  (L.)  Warnst.  Hypnutn 
triquetrum  L.    Hylocomium  triquetrum  Br.  &  Sch. 

On  the  ground  in  swampy  or  dry  woods.  Fruit  occasional, 
early  spring.  Litchfield:  Cornwall,  Bretvster;  Salisbury, 
Nichols.  Hartford:  Plainville,  Chamberlain;  West  Hart- 
ford, Miss  Lorens,  Tolland  :  Stafford,  Nichols,  Windham  : 
Canterbury,  Mrs,  Hadley.  Fairfield:  Sherman,  Nichols, 
New  Haven:  East  Haven  (1855),  Eaton;  Hamden,  /.  A, 
Allen;  New  Haven,  Eaton;  North  Branford,  Evans;  Wood- 
bridge,  Eaton,    New  London  :  Griswold,  C.  B.  Graves, 

Arctic  America,  Canada,  and  the  northern  United  States; 
south  in  the  east  to  North  Carolina ;  Europe ;  Asia ;  Africa. 

Ref.     Eaton,  15,  68. 

Rhytidiadelphus  squarrosus  (L.)  Warnst.  Hypnum 
squarrosum  L. 

Meadows  and  wet  grassy  places.  Fruit  rare,  spring.  New 
Haven:   Hamden  (1880),  /.  A,  Allen. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia ;  Azores. 

Rhytidium  (Sull.)  Kindb. 

Rhytidium  rugosum  (Ehrh.)  Kindb.  Hypnum  rugosum 
Ehrh. 

In  dry  grassy  places  and  on  sunny  rocks,  usually  calcar- 
eous, in  mountainous  or  hilly  regions.  Fruit  very  rare,  sum- 
mer. Litchfield:  Salisbury,  Afr^.  P/i^//^^.  Fairfield:  Sher- 
man, Nichols.    New  Haven:  Meriden  (1873),  Eaton. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia. 
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Exsic.    Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  200. 
Ref.    Eaton,  15,  67. 

Hylocomium  Br.  &  Sch. 

Stem  regularly  bi-tripinnate;  step  leaves  gradually  acu- 
minate, not  auricled H.  splendens 

Stem  irregularly  pinnate;  stem  leaves  abruptly  acuminate, 
auricled  at  the  base H.  brevirostre 

Hylocomium  splendens  (Hedw.)  Br.  &  Sch.  Hypnum 
splendens  Hedw. 

Moist  mountain  or  hill  woods.  Fruit  occasional,  spring. 
Litchfield:  Norfolk,  Eaton;  Salisbury,  GUman,  Tolland: 
Stafford,  Nichols,  Windham:  Canterbury,  Mrs.  Hadley, 
Fairfield:  Newtown,  Harger;  Redding,  Evans,  New 
Haven:  New  Haven  (1855),  Eaton;  North  Branford,  Miss 
Bradley;  Woodbridge,  Evans.  New  London  :  Ledyard,  C.  B. 
Graves. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia ;  Africa. 

Ref.    Eaton,  15,  68. 

Hylocomiimi  brevirostre  (Ehrh.)  Br.  &  Sch.  Hypnum 
brevirostre  Ehrh. 

On  rocks  and  at  the  base  of  trees  in  wet  ravines.    Spring. 

Litchfield:  Salisbury,  Gilman.  Fairfield:  Monroe, 
Miss  Lorenz;  Redding,  Evans.  New  Haven  :  Beacon  Falls, 
Nichols;  Cheshire  and  Hamden  (1866),  Eaton;  Oxford,  Har- 
ger; Woodbridge,  Eaton. 

Nova  Scotia  to  Ontario,  south  to  North  Carolina ;  Europe ; 
Asia ;  Africa. 

Ref.    Eaton,  15,  68. 

Ctenidium  (Schimp.)  Mitt. 
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Haven,  Evans;  Hamden  (1855),  Eaton.  Middlesex:  Killing- 
worth,  Nichols. 

Newfoundland  to  Georgia,  west  to  the  Rocky  Mountams; 
Europe ;  Asia ;  Africa. 

Ref.     Eaton,  15,  67. 

Ptmum  (SuU.)  DeNot. 

Ptilium  Crista-castrensis  (L.)  DeNot.  Hypnutn  Crista- 
castrensis  L. 

On  moist  earth  and  rotten  logs  in  mountainous  or  hilly 
woods.  Fruit  occasional,  autumn.  Litchfield:  Cornwall, 
Brewster;  Norfolk,  Eaton;  Salisbury,  Nichols.  Hartford: 
Hartford,  Mrs.  Lowe.  Windham  :  Canterbury,  Mrs.  Hadley. 
New  Haven  :  East  Haven  and  Hamden,  Eaton;  Oxford,  Har- 
ger;  Woodbridge  (1875),  Eaton.  New  London:  Groton  and 
Montville,  C.  B.  Graves;  Norwich,  Setchell;  Preston,  C  B. 
Graves. 

Arctic  America,  Canada,  and  the  northern  United  States, 
south  in  the  east  to  North  Carolina ;  Europe ;  Asia. 

Ref.    Eaton,  15,  68. 

Stereodon  (Brid.)   Mitt. 

1.  Alar  cells  more  or  less  enlarged,  often  inflated,  hyaline 

or  colored 2 

Alar  cells  quadrate,  not  enlarged 6 

2.  Capsule  plicate  when  dry;  leaves  serrulate  above 3 

Capsule  not  plicate  when  dry 4 

3.  Alar  cells  scarcely  inflated,  yellow,  thick-walled.  .S.  curvifolius 
Alar  cells  inflated,  hyaline,  thin-walled S.  Lindbergii 

4.  Capsule  suberect;   leaves  serrulate  all  around,  alar  cells 

orange;  paraphyllia  numerous S.  imponens 

Capsule  cernuous;  leaves  serrulate  only  above,  alar  cells 
green,  hyaline,  or  yellow-brown;  paraphyllia  few 5 

5.  Mosses  growing  on  bark  or  logs  in  the  woods S.  fertilis 

Mosses  growing  on  the  ground  in  swamps S.  pratensis 

6.  Quadrate  cells  numerous;  midrib  absent  or  very  short. .. . 

S.  cupressiformis 
Quadrate  cells  few;  midrib  usually  reaching  to  middle  of 
leaf    7 
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7.    Branch  leaves  long-acuminate,  serrulate  to  near  the  base 

S.  pallescens 
Branch  leaves  subulate  to  short-acuminate,  serrulate  only 
above  the  middle S.  reptilis 

Stereodon  fertilis  (Sendt.)  Lindb.  Hypnum  fertile  Sendt. 

Rotten  logs  and  stumps  in  mountainous  or  hilly  woods. 
Summer.  Windham:  Canterbury,  Mrs.  Hadley,  New 
Haven:  Oxford  {i88S),  Harger. 

Canada  and  the  northern  United  States,  south  in  the  east 
to  Georgia ;  Europe ;  Asia. 

Stereodon  pallescens  (Hedw.)  Lindb.  Hypnum  palles- 
cens Br.  &  Sch.    H.  Jamesii  Lesq.  &  James. 

On  rocks  and  stumps  and  at  the  base  of  trees  in  hilly  woods. 
Summer.  Litchfield  :  Salisbury,  Nichols,  Windham  :  Can- 
terbury, Mrs.  Hadley.  New  Haven  :  East  Haven  and  Wood- 
bridge  (1866),  Eaton.  New  London:  East  Lyme,  New 
London,  and  Water  ford,  C.  B.  Graves. 

Canada  and  the  northern  United  States,  south  in  the  east 
to  North  Carolina ;  Europe ;  Asia. 

Ref.     Eaton,  15,  67. 

Stereodon    reptilis    (Michx.)    Mitt.       Hypnum    reptile^ 
Michx. 

On  roots,  logs,  and  at  the  base  of  trees,  especially  spruce, 
in  mountainous  or  hilly  woods.  Autupin.  Litchfield  :  Salis- 
bury, Gilman.  Hartford:  Hartford,  Mrs.  Lowe.  Tolland: 
Stafford,  Nichols.  Windham:  Canterbury,  Mrs.  Hadley. 
Fairfield:  Danbury,  Nichols;  Darien,  Mrs.  Lowe.  New 
Haven  :  New  Haven  (1876),  /.  A.  Allen;  Orange,  O.  D.  Allen. 
Middlesex  :   Killing^orth,  Nichols. 

Canada  south  to  North  Carolina  and  Utah ;  Europe ;  Asia. 

Ref.     Eaton,  15,  67.    Mrs.  Lowe,  58. 

r 

Stereodon  imponens  (Hedw.)  Lindb.  Hypnum  imponens 
Hedw. 

On  stones,  earth,  roots,  and  stumps  in  moist  woods.  Late 
autumn.  Litchfield:  Salisbury,  Gilman.  Hartford:  Can- 
ton, Nichols;  West  Hartford,  Miss  Lorenz;  Windsor,  W.  E. 
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Britton,  Tolland:  Stafford,  Nichols,  Windham:  Canter- 
bury, Mrs,  Hadley,  New  Haven:  Beacon  Falls,  Nichols: 
Hamden,  /.  A,  Allen;  New  Haven  (1855),  Eaton;  Wood- 
bridge,  O.  D,  Allen, 

Canada  south  to  Georgia  and  California ;  Europe ;  Asia. 

Ret.     Eaton,  15,  67. 

Stereodon  cupressiformis  (L.)  Lindb.  Hypnum  cupressi- 
forme  L, 

Rocks,  roots,  and  trunks  of  trees,  in  moist  woods  or  wet 
ravines.  Late  autumn.  Litchfield:  Salisbury,  Nichols, 
Hartford:  Canton,  Nichols;  Hartford,  Mrs,  Lowe,  Tol- 
land :  Stafford,  Nichols.  Windham  :  Canterbury,  Mrs,  Had- 
ley;  Windham,  Nichols,  Fairfield:  Danbury,  McAofa;  Red- 
ding, Evans;  Sherman  and  Stratford,  Nichols,  New  Haven  : 
Derby,  O,  D.  Allen;  East  Haven,  Hamden,  and  New  Haven, 
Eaton;  Oxford,  Harger,  Middlesex:  Chester  and  Killing- 
worth,  Nichols,    New  London  :  New  London,  C.  B,  Graves, 

Arctic  America,  Canada,  and  south  to  the  Gulf  States;  a 
cosmopolitan. 

Ref.     Eaton,  15,  67. 

J  .     •  •  •    • 

Stereodon  Lindbergii  (Mitt)  Wamst  Hypnum  PoHen- 
H(B  Lindb. 

Moist  woods,  meadows,  and  swamps.  Summer.  Litch- 
field: Salisbury,  Nichols.  Hartford:  Canton,  Nichols. 
Windham:  Canterbury,  Mrs.  Hadley,  Fairfield:  Darien 
(1903),  Mrs.  Lowe,  New  Haven:  New  Haven,  Nichols. 
Middlesex  :  Killingworth,  Nichols, 

Arctic  America,  Canada,  and  the  northern  United  States, 
south  in  the  east  to  Florida ;  Europe ;  Asia. 

Exsic.  Grout,  N.  Amer.  Musci  Pleuro.  No.  141  (as  H. 
Patientia). 

Stereodon  curvifolius  (Hedw.)  E.  G.  Britton.  Hypnum 
curvifolium  Hedw. 

On  decaying  logs,  rarely  on  rocks,  in  moist  woods.  Early 
summer.    Litchfield:  Sslishnry,  Nichols,    Tolland:  Filing- 
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ton,  Pease.  Windham:  Canterbury,  Mrs.  Hadley:  New 
Haven:  Beacon  Falls,  Nichols;  Cheshire  (1856),  Eaton; 
Hamden  and  New  Haven,  /.  A,  Allen;  North  Branford,  Eaton; 
Prospect,  Merriam.  Middlesex  :  Killingworth,  Nichols,  New 
London:   Ledyard,  C.  B,  Graves, 

Arctic  America  and  Canada,  southward  to  Florida  and 
Colorado;  Asia. 

Ref.    Eaton,  15,  67. 

Stereodon  pratensis  (Koch)  E.  G.  Britton.  Hypnum  pra- 
tense  Koch. 

Swampy  meadows.  Fruit  rare,  spring.  Hartford: 
Windsor,  Miss  Lorenz.  Windham  :  Canterbury,  Mrs,  Hadley, 
Fairfield:  Bridgeport,  Eames.  New  Haven:  Hamden 
(1875),  Young;  New  Haven,  O.  D,  Allen;  Orange,  Evans, 

Arctic  America,  Canada,  and  the  northern  United  States, 
south  in  the  east  to  Florida ;  Europe ;  Asia. 

Heterophyllon  Kindb. 

Heterophyllon  Haldanianum  (Grev.)  Kindb.  Hypnum 
Haldanianum  Grev. 

Rocks,  earth,  and  rotten  logs  in  the  woods.  Autumn. 
Litchfield  :  Salisbury,  Nichols.  Hartford  :  Burlington  and 
Canton,  Nichols;  Hartford,  Miss  Lorenz,  Tolland:  Bolton, 
Nichols;  Ellington,  Pec^e,  Windham:  Canterbury,  Mrs. 
Hadley,  Fairfield  :  Danbury,  Nichols;  Darien  and  Norwalk, 
Mrs,  Lowe,  New  Haven:  Bethany,  Eaton;  East  Haven, 
Nichols;  Hamden,  Eaton;  Madison,  Nichols;  New  Haven 
(1866),  Williams;  North  Haven,  Nichols;  Orange,  Chatter- 
ton;  Oxford,  Harger;  Woodbridge,  Eaton,  New  London: 
New  London,  C,  B,  Graves, 

Nova  Scotia  to  Montana,  and  south  to  Alabama  and  Mis- 
souri ;  Europe ;  Asia. 

Exsic.  Grout,  N.  Amer.  Musci  Pleuro.  No.  47*  (as  Hyp- 
num Haldanianum).  Renauld  &  Cardot,  Musci  Amer.  Sept. 
No.  199  (2iS  H,  Haldanianum), 

Ref.     Eaton,  15,  68. 
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Hypnum  (Dill.)  L. 

Hypnum  Schreberi  Willd. 

Dry,  open  woods,  banks,  tx^s,  etc.  Fruit  occasional,  spring. 
Litchfield:  New  Milford  and  Salisbury,  Nichols.  Hart- 
ford: Canton,  Nichols;  Hartford,  Mrs,  Lowe.  Tolland: 
Stafford,  Nichols.  Windham:  Canterbury,  Mrs,  Hadley. 
Fairfield:  Redding,  Evans.  New  Haven:  East  Haven, 
E7/ans;  Hamden,  Eaton;  Meriden,  Nichols;  New  Haven 
(1866)  and  Woodbridge,  Eaton.  Middlesex:  Killingworth, 
Nichols.    New  London  :  Groton,  C.  B.  Graves. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia. 

Ref.    Eaton,  15,  68. 

CalUcrgon   (Sull.)   Kindb. 

Plants  monoicous  (autoicous),  sparingly  branched;  alar 
cells  enlarged,  but  passing  gradually  into  the  normal 
cells  of  the  leaf C.  cordifolium 

Plants  dioicous,  profusely  branched;  alar  cells  inflated, 
forming  a  sharply  defined  group C  gigantenm 

Calliergon  giganteum  (Schimp.)  Kindb.  Hypnum  gigan- 
teum  Schimp. 

Bogs,  swamps,  and  wet  places,  especially  in  calcareous  dis- 
tricts. Fruit  rare.  May- June.  Litchfield:  Salisbury,  Mrs. 
Phelps.    Fairfield:  Danbury  (1907),  Nichols. 

Greenland  to  Pennsylvania  and  westward  to  the  Pacific 
coast :  Europe ;  Asia. 

Calliergon  cordifolium  (Hedw.)  Kindb.  Hypnum  cordi- 
folium Hedw. 

Swamps,  marshes,  and  margins  of  pools.  Fruit  rare,  sum- 
mer. Litchfield:  Salisbury,  Phelps.  Tolland:  StaflFord, 
Nichols.  Windham:  Windham,  Nichols.  New  Haven: 
Hamden,  Eaton;  New  Haven,  Nichols;  North  Branford,  /.  A. 
Allen;  Orange  (1855),  Eaton;  Woodbridge,  Evans.  Middle- 
sex :  Saybrook,  Eaton. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia. 

Ref.    Eaton,  15,  68. 
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Acrocladium  Mitt. 

Acrocladium  cuspidatum  (L.)  Lindb.  Hypnum  cuspi- 
datum  L. 

Swamps,  bogs,  and  wet  meadows.  Fruit  rare,  summer. 
Litchfield:  Salisbury,  Gilman.  Hartford:  Berlin,  Cole- 
man, New  Haven  :  East  Haven,  Eaton;  Meriden,  Miss  Lo- 
renz;  New  Haven  and  Orange  (1855),  Eaton, 

Canada  and  the  northern  United  States;  Europe;  Asia; 
Africa. 

Ref.    Eaton,  15,  68. 

Drepanocladus  (C.  Mtill.)  G.  Roth 

1.  Stem  with  a  cortical  layer  of  large,  hyaline  cells 2 

Stem  lacking  a  distinct  cortical  layer 3 

2.  Leaves  distinctly  plicate  when  moist,  and  usually  minutely 

serrulate;  plants  monoicous  (autoicous) D.  aduncns 

Leaves  not  plicate  when  moist,  entire;  plants  dioicous.. 

D.  intermedins 

3.  Leaves  serrulate,  at  least  near  the  apex;  annulus  lacking; 
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Drepanocladus  subaduncus  Wamst.  Hypnum  aduncum 
var.  gracilescens  Br.  &  Sch. 

Swamps  and  wet  places,  especially  in  limestone  r^ons. 
Rarely  fruiting.  May- June.  Litchfield:  Salisbury  (1907), 
Nichols.    Fairfield:   Danbury,  Nichols, 

Northern  North  America ;  Europe. 

Drepanocladus  Sendtneri  (Schimp.)  Wamst  var.  gigan- 
teus  (Schimp.)  Wamst.  Hypnum  Sendtneri  Schimp.  H. 
hatnifolium  Schimp. 

Swamps  and  bogs,  in  the  water.  May-June;  fruit  of  the 
variety  unknown.  Hartford:  Southington,  Miss  Lorens. 
New  Haven:  New  Haven  (1877),  O.  D,  Allen. 

Arctic  America,  Canada,  and  the  northern  United  States, 
south  in  the  west  to  Utah ;  Europe ;  Asia. 

Ref.    Eaton,  15,  67.    Rau  &  Hervey,  64,  45. 

Drepanocladus  intermedius  (Lindb.)  Wamst.  Hypnum 
revolvens  Sw.  var.  intermedium  Ren. 

Deep  swamps.  Rarely  fmiting,  May- June.  Litchfield: 
Salisbury  (1907),  Nichols. 

Northern  North  America;  Europe. 

Drepanocladus  aduncus  (L.)  Wamst.  Hypnum  aduncum 
L.    H.  uncinatum  Hedw. 

Bogs,  meadows,  and  swampy  woods.  Emit  rare,  summer. 
Fairfield:  Stratford,  Nichols.  New  Haven:  Bethany, 
Eaton;  Branford,  O.  D.  Allen;  Cheshire,  Harger;  East  Haven, 
New  Haven  (1855),  and  Orange,  Eaton;  Oxford,  Harger; 
Woodbridge,  /.  A.  Allen.    Middlesex  :  Durham,  Evans. 

Arctic  America,  Canada,  and  the  United  States,  south  to 
North  Carolina  and  Nevada;  Europe;  Asia. 

Ref.     Eaton,  15,  67. 

Drepanocladus  fluitans  (L.)  Wamst.    Hypnum  Auitans  L. 

Open  swamps  and  bogs,  in  the  water.  Summer.  Litch- 
field: Salisbury,  Nichols.  New  Haven:  Hamden,  Evans; 
New  Haven  (1893),  Eaton;  Oxford,  Harger. 

Arctic  America,  Canada,  and  the  northem  United  States, 
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south  in  the  west  to  Utah ;  Europe ;  Asia ;  Africa ;  New  Zea- 
land. 

Hygrohypnum  (Lindb.)   Loeske 

1.  Leaves  suborbicular;  alar  cells  yellow;  midrib  faint,  short, 

furcate    H.  dilatatum 

Leaves  ovate  or  ovate-lanceolate 2 

2.  Dioicous;  alar  cells  hyaline  or  yellowish;  midrib  reaching 

middle  of  leaf  or  beyond,  simple  or  furcate;  perichaetial 

leaves  not  plicate  H.  ochraceum 

Monoicous;    alar    cells    golden    yellow    to   yellow-brown, 
rarely  hyaline;  perichaetial  leaves  plicate 3 

3.  Midrib  absent,  or  short  and  furcate 4 

Midrib  single,  reaching  above  middle  of  leaf H.  palustre 

4.  Leaves  broad  (2:1),  minutely  serrulate  to  the  base 

H.  Mackayi 

Leaves  narrower  (3:1),  serrulate  only  at  the  apex 

H.  eugsrrium 

Hygrohypnum  palustre  (Huds.)  Loeske.  Hypnum  pal- 
ustre Huds. 

Wet  and  periodically  overflowed  stones  and  rocks,  usually 
calcareous.  Summer.  New  London:  Montville  (1894),  C.  B. 
Graves, 

Canada  and  the  northern  United  States ;  Europe ;  Asia. 

Hygroh3rpnum  dilatatum  (Wils.)  Loeske.  Hypnum 
molle  of  some  authors. 

On  non-calcareous  rocks  and  stones  in  rapid  mountain  or 
hill  brooks.  Summer.  Litchfield:  Salisbury,  Nichols. 
Fairfield:  Darien,  Mrs,  Lowe,  New  Haven:  Ansonia 
(1880)  and  Woodbridge,  O,  D,  Allen, 

Arctic  America  and  Canada,  south  to  North  Carolina  and 
Colorado;  Europe;  Asia. 

Hygroh3rpnum  eugyrium  (Br.  &  Sch.)  Loeske.  Hypnum 
eugyrium  Schimp. 

On  wet  non-calcareous  rocks  in  or  near  mountain  or  hill 
brooks.  Summer.  Litchfield:  Salisbury,  Gilman.  New 
Haven:  Beacon  Falls,  Nichols;  Hamden-(i878)  and  Wood- 
bridge,  /.  A,  Allen. 
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Newfoundland  to  Alaska,  south  to  Georgia  and  Colorado; 
Europe. 

Hygrohypnum  Mackayi  (Schimp.)  Loeske. 
Shaded  stones  in  hill  streams.    Summer.     New  Haven: 
Beacon  Falls  (1907),  Nichols. 

Probably  has  same  range  as  H.  eugyrium. 

Hygroh3rpnum  ochraceum  (Turn.)  Loeske.  Hypnum 
ochraceum  Turn. 

On  overflowed  and  wet  rocks  in  rapid  mountain  or  hill 
streams.  Fruit  rare,  summer.  Litchfield:  Salisbury,  fitwu. 
New  Haven:  Ansonia,  O.  D.  Allen;  Beacon  Falls,  Nichols; 
Hamden  (1878),  /.  A,  Allen. 

Arctic  America,  Canada,  and  the  northern  United  States; 
Europe ;  Asia. 

FAMILY  DENDROIDACE^E 
Climadum  Web.  f.  &  Mohr 

Climacium  americanum  Brid. 

Swamps  and  wet  woods.  Autumn.  Litchfield:  Salis- 
bury, Nichols,  Hartford  :  Hartford,  Miss  Loreng,  Tolland  : 
Stafford,  Nichols.  Windham:  Canterbury,  Mrs,  Hadley. 
Fairfield:  Danbury,  Nichols;  Darien,  Mrs.  Lowe;  Fairfield, 
Eames.  New  Haven  :  Bethany,  Eaton;  East  Haven,  Nichols; 
Hamden,  Eaton;  Madison,  Nichols;  Milford  and  New  Haven 
(1855),  Eaton;  Orange,  Evans;  Woodbridge,  Eaton,  Middle- 
sex: Killingworth,  Nichols;  Middlefield,  Evans.  New  Lon- 
don :  New  London,  C.  B.  Graves. 

Var.  Kindbergii  Ren.  &  Card.  Climacium  Kindbergii 
Grout. 

In  wetter  places  than  the  typical  form,  frequently  in  the 
water.  Tolland:  Willington,  Nichols.  Windham:  Can- 
terbury, Mrs,  Hadley.  Fairfield  :  Darien,  Mrs.  Lowe;  Strat* 
ford,  Nichols,  New  Haven:  East  Haven,  Nichols;  Wood- 
bridge,  Eaton.  Middlesex:  Killingworth  and  Old  Lyme, 
Nichols,  New  London:  Groton,  Montville,  and  Waterford 
(1884),  C,  B.  Graves. 
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New  Brunswick  to  Alabama,  west  to  the  Rocky  Moun- 
tains. 

Exsic.  Renauld  &  Cardot,  Musci  Amer.  Sept.  No.  238 
(var.  Kindbergii), 

Ref.  Eaton,  15,  66.  Grout,  34,  161  (var.  Kindbergii), 
Young,  81,  62. 

Thamnium  Br.  &  Sch. 

Thamnium  alleghaniense  (C.  Miill.)  Br.  &  Sch.  Hypnum 
alleghaniense  C.  Mull. 

Dripping  overhanging  rocks  along  mountain  and  hill 
streams.  Autumn.  Litchfield:  Salisbury,  Nichols.  Hart- 
ford :  West  Hartford,  Miss  Lorenz,  New  Haven  :  Cheshire 
(1856),  Eaton;  Derby,  O.  D.  Allen;  Hamden,  Eaton;  New 
Haven,  /.  A,  Allen;  Oxford,  Harger;  Woodbridge,  Eaton. 
New  London  :  Montville  and  Waterford,  C.  B.  Graves. 

Nova  Scotia  to  Minnesota,  south  to  the  Gulf  States. 

Ref.     Eaton,  15,  67. 

FAMILY  WEBERACE.E 

Webera  Ehrh. 

Webera  sessilis  (Schmid.)  Lindb.  Diphyscium  foliosum 
Mohr. 

Moist,  shaded  earth  and  banks.  Summer.  Litchfield: 
New  Milford,  Nichols;  Salisbury,  Gilman.  Hartford:  Hart- 
ford, Mrs.  Lowe;  Southington,  Chamberlain;  West  Hartford, 
Miss  Lorenz.  Tolland  :  Bolton,  Nichols.  Windham  :  Can- 
terbury, Mrs.  Hadley;  Windham,  Nichols.  Fairfield:  Dan- 
bury  and  Huntington,  Nichols;  Redding,  Evans.  New  Haven  : 
Ansonia,  O.  D.  Alleil;  Beacon  Falls,  Nichols;  Meriden,  Nich- 
ols; New  Haven  (1855),  Orange,  and  Woodbridge,  Eaton. 
Middlesex:  Killingworth,  Nichols.  New  London:  Mont- 
ville, C.  B.  Graves. 

Nova  Scotia  to  Ontario,  south  to  Alabama ;  Europe ;  Asia ; 
Madeira  Islands. 

Exsic.  Holzinger,  Musci  Aero.  Bor.-Amer.  No.  121*  (as 
Diphyscium  foliosum). 

Ref.     Collins,  14,  131.    Eaton,  15,  64. 
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FAMILY  BUXBAUMIACE£ 
IhiMlMUHMj  HaUer 

BiDdmnm  apliylb  L. 

Clayey  banks  and  turfy  soil  in  open  woods.  Spring. 
Lttchfield:  Salisbory,  £nmi.  Haitfokd:  Caastxm^  Nichols; 
Manchester,  ^fiss  Lorenz.  Faibfield:  Darien,  Mrs.  Lowe. 
New  Havex:  Beacon  Falls,  SichoU;  Hamden  (1866),  WU- 
iiams :  New  Haven.  /,  A.  Alien ;  Oxford,  Harger;  Woodbridg^e, 
Sickols. 

Nova  Scotia  to  Ontario  and  West  \*irginia ;  Yukon  Terri- 
tory' to  Washington :  Europe ;  Asia. 

Exsic    Holzinger,  Musd  Aero.  Bor.-Amer.  No.  250. 

Ref.     G»Ilin>.  14,  131.    Eaton,  15,  64:  17,  126. 

FAMILY  GEORGL\C££ 
Georgia  Ehrh. 

Georgia  pelhicida  (L.)  Rabenh.  Tetrapkis  peUucida 
Hedw. 

Rotten  stumps,  roots,  and  banks  in  the  woods.  Spring. 
Litchfield:  Litchfield,  Harris;  Salisbury,  Cilman.  Hart- 
ford: Hartford  and  Manchester,  Miss  Lorens;  Windsor,  W. 
E.  Britten.  Tolland:  Bolton  and  Stafford,  Sichols.  Wini>- 
ham:  Canterbury,  Mrs.  Hadley.  Fairfield:  Darien,  Mrs. 
Lowe;  Redding,  Evans.  New  Haven  :  Beacon  Falls,  Nichols; 
Hamden,  Evans;  New  Haven  (1866),  Eaton;  North  Branford, 
Evans;  North  Haven,  Xichols;  Orange  and  Woodbridge, 
Eaton.    New  London  :  East  L>Tne  and  Groton,  C.  B,  Graves. 

Canada  and  the  northern  United  States;  Europe;  Asia. 

Ref.     Collins,  14,  131.    Eaton,  15,  63. 

FAMILY  POLYTRICHACE.E 
Catharinaea  Ehrh. 

1.  Leaf  cells  distinctly  papillose C  Macmillani 

Leaf  cells  smooth,  not  papillose 2 

2.  Leaves  strongly  undulate,  serrate  nearly  to  base;  capsules 

borne  singly  or  in  small  clusters C  undulata 

Leaves   scarcely,  if  at  all,  undulate,   serrate  only  above 
middle;  capsules  borne  singly 3 
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3.     Plants    rarely   5   cm.    high;    midrib   and   lamina    sharply 

toothed  at  back,  lamellae  4-8 C.  angustata 

Sterile  plants  5-10  cm.  high;  midrib  and  lamina  smooth  at 
back;  lamellae  1-4  C.  crispa 

Catharinaea  undulata  (L.)  Web.  f.  &  Mohr.  Atrichum 
undulatum  Beauv. 

Moist,  sandy  soil  in  open  woods.  Autumn.  Litchfield: 
Salisbury,  Nichols,  Hartford:  Burlington,  Nichols;  West 
Hartford,  Miss  Lorenz,  Tolland  :  Stafford,  Nichols.  Wind- 
ham :  Canterbury,  Mrs.  Lowe;  Windham,  Nichols.  Fair- 
field: Darien,  Mrs.  Lowe.  New  Haven:  Beacon  Falls, 
Nichols;  Hamden,  Eaton;  Madison,  Nichols;  New  Haven 
(1855),  Eaton;  North  Haven,  Nichols;  Orange,  Evans; 
Woodbridge,  O.  D.  Allen.  Middlesex:  Killingworth, 
Nichols.  New  London:  Ledyard,  Nichols;  Montville  and 
Waterford,  C.  B.  Graves. 

Throughout  temperate  North  America;  Europe;  Asia; 
Africa. 

Ref.  Collins,  14,  131.  Eaton,  15,  64.  Miss  Lorenz,  53, 
46,  47. 

Catharinaea  Macmillani  Holzing. 

In  dry,  exposed  situations.  Autumn.  Hartford  :  Burling- 
ton, Nichols.  Windham:  Canterbury,  Mrs.  Hadley.  New 
Haven:  New  Haven,  North  Haven  (1907),  and  Orange, 
Nichols.    New  London  :  Ledyard,  Nichols. 

New  England  to  Minnesota  and  Missouri ;  range  not  defi- 
nitely known. 

Ref.    Chamberlain,  13,  100. 

Catharinaea  crispa  James.    Atrichum  crispum  James. 

Grassy  banks  of  streams,  and  in  wet  sandy  soil.  Autumn. 
Hartford:    East  Hartford,  Weatherby. 

Probably  throughout  Canada  and  the  northern  United 
States;  Europe. 

Ref.    Miss  Lorenz,  53,  46,  47. 

Catharinaea  angustata  Brid.  Atrichum  angustatum  Br. 
&  Sch. 
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Litchfield:  Salisbury,  Nichols.  Hartford:  Canton, 
Nichols;  Southington,  Chamberlain;  West  Hartford,  Miss 
Lorenz.  Tolland:  Bolton  and  Stafford,  Nichols.  Wind- 
ham: Canterbury,  Mrs.  Hadley,  Fairfield:  Danbury, 
Nichols;  Darien,  Mrs.  Lowe;  Huntington  and  Sherman, 
Nichols.  New  Haven:  East  Haven  (1855),  Eaton;  Hamden, 
Harger;  Madison,  Nichols;  New  Haven,  Eaton;  Orange, 
Evans;  Woodbridge,  Eaton.  New  London:  North  Stoning- 
ton  and  Waterford,  C  B.  Graves. 

Throughout  temperate  North  America;  Europe;  Asia. 

Ref.  Collins,  14,  131.  Eaton,  15,  64.  Miss  Lorenz,  53, 
46,  47- 

Pogonatum  Beauv. 

Pogonatum  tenue  (Menz.)  E.  G.  Britton.  P.  brevicaule 
(Brid.)  Beauv.    P.  pennsylvanicutn  (Hec^.)  Par. 

Clay  banks  and  roadsides  in  open  woods.  Autumn. 
Litchfield:  Salisbury,  Mrs.  Phelps.  Hartford:  Canton, 
Nichols;  Hartford,  Mrs.  Lowe;  West  Hartford,  Miss  Lorenz. 
Tolland:  Stafford,  Nichols.  Windham:  Canterbury,  Mrs. 
Hadley.  Fairfield:  Danbury,  Nichols;  Darien,  Mrs.  Lowe. 
New  Haven  :  Beacon  Falls  and  Cheshire,  Nichols;  Hamden, 
/.  A.  Allen;  New  Haven  (1866),  and  Orange,  Eaton;  Oxford, 
Harger;  Woodbridge,  Eaton.  Middlesex:  Killingworth, 
Nichols.  New  London  :  Ledyard,  Nichols;  Waterford,  C  B. 
Graves. 

Nova  Scotia  to  Alabama,  and  west  to  Missouri. 

Exsic.  Holzinger,  Musci  Aero.  Bor.-Amer.  No.  123  (as 
P.  pennsylvanicutn). 

Ref.    Collins,  14,  131.    Eaton,  15,  64.    Mrs.  Lowe,  59. 

Polytrichum  (Dill.)  L. 

1.  Epidermis  of  capsule  with  a  large  pit  in  the  outer  wall 

of    each    cell,    neck    distinctly    marked    off   by    a    con- 
striction; capsule  little  longer  than  broad 3 

Epidermis  of  capsule  not  pitted,  neck  indistinctly  defined; 
capsule  much  longer  than  broad 2 

2.  Capsule  cylindrical  P.  alpinum 

Capsule  prismatic    P.  ohioense 
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3.  Leaves  awned,  margins  entire,  inflexed 4 

Leaves  pointed,  margins  sharply  serrate,  not  inflexed 

P.  commune 

4.  Awn  long  and  hyaline P.  piliferum 

Awn  short  and  red,  rarely  colorless  at  the  point 5 

5.  Stem  densely  tomentose,  leaves  erect P.  strictum 

Stem  not  tomentose,  leaves  spreading P.  juniperinum 

Polytrichum  alpinum  L.  var.  arcticum  (Sw.)  Wahl. 
Pogonatum  alpinum  Rohl.  var.  arcticum  Brid. 

Stony  and  grassy  mountain  slopes.  Summer.  Litch- 
field: Salisbury  (1906),  Collins, 

Throughout  northern  North  America ;  Europe. 

Polytrichum  ohioense  Ren.  &  Card.  P.  formosum  of  some 
authors. 

On  the  ground  and  on  earth-covered  rocks  in  moist  woods. 
Summer.  Litchfield:  Salisbury,  Gilman.  Hartford: 
Hartford,  Miss  Lorenz;  Plainville,  Chamberlain;  Windsor, 
Rorer.  Windham:  Canterbury,  Mrs,  Hadley.  Fairfield: 
Danbury,  Eaton;  Darien,  Mrs,  Lowe.  New  Haven  :  East 
Haven  (1856),  Eaton;  Madison,  Nichols;  New  Haven,  /.  A. 
Allen;  North  Haven  and  Orange,  Nichols.  Middlesex: 
Chester,  Nichols;  Durham,  Evans;  Killingworth,  Nichols. 
New  London:  Griswold,  Harger;  Montville  and  New 
London,  C.  B.  Graves;  Waterford,  Miss  Lorenz. 

Newfoundland  to  Alaska,  south  to  Alabama,  Missouri,  and 
Oregon;  Europe. 

Exsic.     Holzinger,  Musci  Aero.  Bor.-Amer.  No.   124. 

Ref.     Collins,  14,  131.     Eaton,  15,  64. 

Polytrichum  piliferum  Schreb. 

Rocky  ridges  and  gravelly  banks  in  hilly  regions.  Summer. 
Litchfield:  New  Milford  and  Salisbury,  Nichols.  Hart- 
ford: Hartford,  Miss  Lorenz;  Plainville,  Chamberlain.  Tol- 
land: Stafford,  Nichols.  Windham:  Canterbury,  Mrs. 
Hadley.  Fairfield:  Darien,  Mrs.  Lowe;  Huntington, 
Nichols.  New  Haven  :  Beacon  Falls,  Madison,  and  Meriden, 
Nichols;  New  Haven  (1854),  Eaton;  Woodbridge,  Harger. 
Middlesex:    Killingworth,   Nichols.     New   London:    Led- 

varrl    MirknL^ '  Lvme    Rntnn'  Old  Lvmp    C    R    (Zmnt^c 
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Northern  North  America  and  southward  to  Alabama  and 
California ;  found  in  most  quarters  of  the  globe. 
Ref.     Collins,  14,  131.     Eaton,  15,  64. 

Polytrichum  juniperimim  Willd. 

In  dry  pastures  or  open  woods  in  mountainous  or  hilly 
regions.  Summer.  Litchfield:  Salisbury,  Gilman.  Hart- 
ford: Hartford,  Miss  Lorenz;  Southington,  Chamberlain, 
Tolland:  Bolton  and  Ellington,  Nichols.  Windham: 
Canterbury,  Mrs.  Hadley.  Fairfield:  Danbury,  Nichols; 
Darien,  Mrs.  Lowe;  Huntington,  Nichols.  New  Haven: 
Branford,  Ward;  Hamden,  /.  A.  Allen;  New  Haven  (1865), 
Eaton.     Middlesex:   Killingworth,  Nichols. 

Arctic  and  temperate  North  America;  a  cosmopolitan. 

Ref.     Collins,  14,  131.     Eaton,  15,  64. 

Polytrichum  strictum  Banks. 

In  peat  bogs  and  wet  woods.  Summer.  New  Haven: 
Orange  (1874),  Young. 

Arctic  America,  Canada,  and  the  northern  United  States; 
South  America ;  Europe ;  Asia. 

Ref.     Collins,  14,  131.    Eaton,  15,  64. 

Polytrichum  commune  L. 

In  pastures  and  clearings  and  along  the  borders  of  woods 
and  roadsides.  Summer.  Litchfield:  New  Milford  and 
Salisbury,  Nichols.  Hartford:  Hartford,  Miss  Lorenz; 
Windsor,  Rorer.  Tolland:  Bolton  and  Stafford,  Nichols. 
Windham:  Canterbury,  Mrs.  Hadley;  Windham,  Nichols. 
Fairfield:  Darien,  Mrs.  Lowe;  Huntington,  Sherman,  and 
Stratford,  Nichols.  New  Haven:  Beacon  Falls,  Nichols; 
Hamden,  Eaton;  Meriden,  Nichols;  New  Haven  (1856)  and 
Orange,  Eaton;  Oxford,  Harger.  Middlesex:  Killingworth, 
Nichols.  New  London  :  Ledyard,  Nichols;  New  London  and 
Waterford,  C.  B.  Grca/es. 

Throughout  North  America;  a  cosmopolitan. 

Exsic.     Renauld  &  Cardot,  Musci  Amer.  Sept.*  No.  227. 

Ref.    Collins,  14,  131.    Eaton^  15,  64. 
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SUMMARY 

An  analysis  of  the  bryophytic  flora  of  Connecticut  brings 
out  the  interesting  fact  that  only  about  18  per  cent,  of  the 
species  are  peculiar  to  America.  Over  62  per  cent,  on  the 
other  hand,  are  common  to  Europe  and  Asia,  a  proportion 
which  is  sure  to  be  increased  when  the  Asiatic  flora  has  been 
more  thoroughly  explored.  Of  the  remaining  species  16  per 
cent,  have  been  found  in  Europe  but  not  in  Asia,  while  4  per 
cent,  have  been  found  in  Asia  but  not  in  Europe.  These  rela- 
tionships may  be  clearly  shown  by  the  following  table,  in  which 
the  species  are  arranged  by  orders.  One  species  of  Sphagnum 
which  is  common  to  Africa  (but  not  to  either  Europe  or  Asia), 
is  included  in  the  first  column. 


PecolUrto 
America. 

Common 
to  Burope 
and  Asia. 

Common 

to  Europe 

(but  not  to 

Asia). 

Common 

to  Asia 

(but  not  to 

Europe). 

Total. 

Marchantiales  . 

Anthocerotales 

Sphag^nales 

Andreaeales 

Bryales      .... 

3 
17 
0 

2 

0 

46 

9 
62 

z 

17 

z 
154 

0 

12 

a 

12 

I 

34 

0 
Z 
0 
0 

0 
13 

za 

92 

3 

31 

2 

247 

Total  .... 

68 

244 

61 

14 

387 

The  table  shows  also  that  about  3  per  cent,  of  our  species 
are  Marchantiales,  about  23  per  cent.  Jungermanniales,  less 
than  I  per  cent.  Anthocerotales,  about  8  per  cent.  Sphag^ales, 
less  than  i  per  cent.  Andreaeales,  and  about  64  per  cent  Bryales. 

The  following  table,  based  on  the  specimens  at  hand,  gives 
some  idea  of  the  extent  to  which  Connecticut  has  been  ex- 
plored for  Bryophytes.  Such  a  table  is  merely  of  historical 
interest.  The  discrepancies  which  apparently  exist  between 
the  moss  floras  of  the  different  counties  are  largely  of  a 
temporary  nature,  and  will  become  less  as  the  exploration  of 
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fhe  state  proceeds.  There  is  little  probability,  for  example, 
that  New  Haven  County  is  richer  in  Bryophytes  than  New 
London  County.  It  simply  represents  the  part  of  the  state 
where  bryologists  have  been  most  numerous  and  active. 


1 

^ 

1 

, 

i 

j 

1 

2-  . 

1 

1 

1 

£ 

1 

s 

1 

1^8 

MarduuitUles 

8 

9 

4 

3 

8 

12 

6 

9 

I 

JiiogfffniEnnif^lffff 

58 

32 

31 

22 

38 

81 

35 

12 

4 

Anthocarotales 

3 

o 

0 

X 

0 

3 

3 

2 

0 

Sphagnales    • 

i6 

2 

9 

4 

3 

95 

2 

5 

0 

Andreeales    . 

X 

I 

0 

0 

0 

2 

0 

0 

0 

Bryalea   . 

157 

112 

98 

108 

IIX 

223 

90 

91 

31 

Total       .       . 

243 

156 

14a 

138 

160 

346 

136 

Z12 

36 

The  last  column  shows  the  comparatively  small  number  of 
species  known  from  each  county  of  the  state.  All  of  these 
species  are  exceedingly  common,  and  the  present  figures  will 
probably  be  soon  increased  by  the  addition  of  other  species 
which  must  be  equally  common.  Even  the  majority  of  the 
species  which  are  known  at  present  from  only  one  or  two 
localities  in  the  state  are  undoubtedly  much  more  widely 
distributed  than  these  scanty  records  would  seem  to  indicate. 
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BIBLIOGRAPHY   OF   CONNECTICUT 
BRYOLOGY 


The  books  and  papers  included  in  the  following  bibli- 
ography all  contain  direct  references  to  Connecticut  Bry- 
ophytes.  Although  it  has  been  attempted  to  make  the  list 
as  complete  as  possible,  some  references  have  doubtless  been 
overlooked.  Papers  published  since  December,  1907,  are  not 
included : 
z.    Andrews,  A.  LeR.    Preliminary  Lists  of  New  England  Plants, 

—  XVIII,  Sphagnaccae.     Rhodora,  8:  62-65.     1906. 
a.    Austin,  C.  F.    Hepaticse  Boreali-Americanse  exsiccatae.     Nos. 

1-150.    1872. 
3.    — Bryological  Notes.    Bull.  Torrcy  Club,  6:  341-344-     i879- 
4*    —Bryological  Notes.    Bull.  Torrcy  Club,  7:  15,  16.     1880. 

5.  Barbour,  W.  C.    FruUania.    Bryologist,  5:  3-5.   f.  1-5.    1902. 

6.  — Porella    L.    Sp.    PL   2:    1196.      1753.     Bryologist,   5:   32-36. 

f,  J'8,     1902. 

7.  — Hepatics,  —  Lejeunea.     Bryologist,  6:  27-32.    f,  1-6.     1903. 

8.  Britten,  E.  G.    Distribution  of  the  eastern  species  of  Mnium. 

Bryologist,  3:  4-6.    1900. 

9.  — Octodiceras   Julianum,    its    Propagation,    Distribution   and 

History.    Bryologist,  5:  83,  84.    i  f.  1902. 
10.    — Further  Notes  on  Sematophyllum.  Bryologist,  7:  59-61.  1904. 
iz.    Cardot,  J.  Repertoire  Sphagnologique.   Catalogue  alphab^tique 

de  toutes  les  especes  et  vari6tes  du  genre  Sphagnum,  avec  la 

synonymie,  la  bibliographie  et  la  distribution  geographique 

d'apres  les  travaux  les  plus  recents.     Bull.  Soc.  d'hist.  nat. 

d'Autun,  id:  235-433.    1897. 
—  See  also  Renauld,  F. 
za.    Chamberlain,  E.  B.     Notes  upon  two  Maryland  Bryophytes 

and  on  two  Mosses  from  Virginia.     Bryologist,  8:  77-78. 

1905. 

13.  — Catharinea  Macmillani.     Rhodora,  9:  98-100.    pi  74.     1907. 

14.  Collins,  J.  F.     Preliminary  Lists  of  New  England  Plants,— 

XIX.    Rhodora,  8:  131-135.     1906. 
Cook,  O.  F.    See  Underwood,  L.  M. 
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15.  Baton,  D.  C.  Anogens.  In  "A  Catalogue  of  the  Flowering 
Plants  and  Higher  Cryptogams  growing  without  cultivation 
within  thirty  miles  of  Yale  College."  Published  by  the 
Berzelius  Society.     Pp.  61-72.     New  Haven,  1878. 

z6.    — Conomitrium  Julianum.     Bull.  Torrey  Qub,  6:  244.     1878. 

17.  — On   Buxbaumia  indusiata   Bridel.     Bull.   Torrey   Club,   17: 

126,  127.     1890. 

18.  — A  Check-List  of  North  American  Sphagna,  arranged  mostly 

in  accordance  with  the  writings  of  Dr.  Carl  Warnstorf.    8vo. 
8  pp.    New  Haven,  1893. 

19.  Eaton,   D.   C^   and    Faxon,   E.     Sphagna   Boreali-Americana 

Exsiccata,  curaverunt  D.  C.  Eaton  et  E.  Faxon,  distribuit 

G.  F.  Eaton.    Nos.  1-172.    New  Haven,  1896. 
aa    Evans,  A.  W.    Two  new  American  Hepaticae.     BulL  Torrey 

Club,  ao:  307-309.    P^-  i^^,  ^^S-    1893. 
az.    —  Notes  on  the  North  American  species  of  Plagiochila.    Bot. 

Gazette  ax:  185-194.     pi.  15*  i^-     1896. 
aa.    — A  Revision  of  the  North  American  Species  of  Frullania,  a 

Genus  of  Hepaticae.    Trans.  Conn.  Acad.,  xo:  1-39.    pi  1-15. 

1897. 
as*    — Studies   among   our   common   Hepaticae.     II.    Lophocolea 

heterophylla.    Plant  World,  x:  134-137.    pl  6,     1898. 
a4.    —  Fossombronia  salina  in  Connecticut.    Rhodora,  3:  7-10.  i  f. 

1901. 
as.    — The  Lejeuneae  of  the  United  States  and  Canada.     Mem. 

Torrey  Club,  8:  1 13-183.    pi  16-22,    1902. 
a6.    — Notes  on  New  England  Hepaticae.     Rhodora,  4:  207-213. 
1902. 

27.  — A   New   Hepatic   from   the   Eastern  United  States.     Bot. 

Gazette,  34:  372-375-    pl  '^.     1902. 

28.  — Preliminary  Lists  of  New  England  Plants,  —  XI,  Hepaticae. 

Rhodora,  5:  170-173.     1903. 
a9.    — Odontoschisma  Macounii  and  its  North  American  Allies. 
Bot.  Gazette,  36:  321-348.    pl  18-20.     1903. 

30.  — Notes  on  New  England  Hepaticae,  —  II.    Rhodora,  6:  165- 

174;  185-191.    pl'  57'     1904. 

31.  — Notes  on  New  England  Hepaticae,  —  III.    Rhodora,  7:  52- 

58.     1905. 
3a.    — Notes  on  New  England  Hepaticae,  —  IV.    Rhodora,  8:  34- 

45.     1906. 
33.    — Notes  on  New  England  Hepaticae,  —  V.     Rhodora,  9:  56- 

60;  65-73.    pl  72'    1907. 
Faxon,  E.    See  Eaton,  D.  C 
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34.  Grout,  A.  J.    A  Revision  of  the  North  American  Isotheciaceae. 

Mem.  Torrey  Club,  6:  131-210.     1897. 

35.  — A    Revision    of    the    North    American    Eurynchia.      Bull. 

Torrey  Club,  25:  221-256.    1898. 

36.  — North   American    Musci    Pleurocarpi.     Nos.    1-300    (cxsic- 

cati).    1900-1907.    To  be  continued. 

37.  — Mosses  with  a  Hand- Lens  and  Microscope:  a  non-technical 

handbook  of  the  more  common  Mosses  of  the  northeastern 
United  States.  Large  8vo.  Part  I,  86  pp.,  10  pi.,  35  f-  in 
text.  1903.  Part  II,  pp.  87-166,  pi.  11-3S,  f.  >n  text  3^7^- 
1904.  Part  III,  pp.  167-246,  pi.  36-55,  f.  in  text  77-133-  1906. 
New  York.    To  be  completed  in  five  parts. 

38.  — Mosses  with  a  Hand-Lens:   a  non-technical  handbook  of 

the  more  common  and  more  easily  recognized  Mosses  of  the 
northeastern  United  States.  Second  Edition.  Revised,  en- 
larged, and  including  the  Hepatics.  8vo.  pp.  xvi  -f  208.  39 
pi.    151  f.  in  text.    New  York,  1905. 

39.  — "When  Doctors  Disagree."    Bryologist,  9:  42.     1906. 

4a    Hadley,  S.  B.     [Offerings  to  Chapter  Members.]     Bryologist, 
6:  70.    1903. 

4Z,    —  [Offerings.]     Bryologist,  6:  106.    1903. 

42.  — [Offerings.]     Bryologist,  7:  52.     1904. 

43.  —  [Offerings.]     Bryologist,  8:  92.    1905. 

44.  Haynes,  C.  C.    Ten  Lophozias.    Bryologist,  9:  99,  100.    pL  p. 

1906;  id:  9-12.    pi.  2,  3,    1907. 
45*    — American   Hepaticse.     Nos.   1-40   (exsiccatae).     New  York, 
1907-1908.    To  be  continued. 
Hervey,  A.  B.    See  Rau,  E.  A. 

46.  Holzing^r,  J.  M.     Musci  Acrocarpi  Boreali-Americani.     Nos. 

1-250  (exsiccati).    1904-1907.    To  be  continued. 

47.  Howe,  M.  A.    The  North  American  Species  of  Porella.    Bull. 

Torrey  Club,  24:  512-527.    1897. 

48.  — The  Anthocerotaceae  of  North  America.    Bull.  Torrey  Club, 

25:  1-24.    pi.  221-326.     1898. 

49.  — Notes  on  American  Hepaticse.     Bull.  Torrey  Club,  29:  281- 

289.     1902. 

50.  Lesquereux,  L.,  and  James,  T.  P.    Manual  of  the  Mosses  of 

North  America.    8vo.    pp.  v  +  447.    6  pi.    Boston,  1884. 

51.  Limpricht,  K.  G.    Die  Laubmoose  Deutschlands,  Oesterreichs 

und  der  Schweiz.  8vo.  Band  I,  x  -f  836  pp.,  211  f.  in  text. 
1890.  Band  II,  853  pp.,  f.  in  text  212-352.  1895.  Band  III, 
864  H-  79  PP»  f.  in  text  353-440.     1904.     Leipzig.    The  work 
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represents  Band  IV  of  Rabenhorst's  Kryptogamen-Flora, 
second  edition. 

53.    Lorenx,  A.     [Offerings.]     Bryologist,  9:  53.    1906. 

53.  —  Catharinea  in  Hartford  County.    Bryologist,  xo:  45-47-    1907. 

54.  Lowe,  J.  D.    [Offerings  to  Chapter  Members.]    Bryologist,  6: 

70.    1903. 

55.  —  [Offerings.]     Bryologist,  6:  90.    1903. 

56.  — Anacamptodon  splachnoides.    Bryologist,  7:  ^^,    1904. 

57.  — [Offerings.]     Bryologist,  7:  82.    1904. 

58.  — [Offerings.]     Bryologist,  7:  100.    1904. 

59.  —  [Offerings.]     Bryologist,  8:  35.    1905. 

60.  Muller,    C.    Monographie    der    Lebermoosgattung    Scapania 

Dum.  Nova  Acta  Acad.  Caes.  Leop.-Carol.,  83:  1-312. 
pi  i'S2,    1905. 

6x.  Paris,  E.  G.  Index  Bryologicus  sive  Enumeratio  Musconim 
hucusque  cognitorum  adjunctis  Synonymia  Distributioneque 
geographica  locUpletissimis.  Act.  Soc.  Linn.  Burdigalensis. 
Pars  I,  pp.  vi  -f  964.  1894-1896.  Pars  II,  pp.  965-1380. 
1898. 

6a.  — Index  Bryologicus  sive  Enumeratio  Muscorum  ad  diem 
ultimam  anni  1900  hucusque  cognitorum  adjunctis  Synonymia 
Distributioneque  geographica  locupletissimis.  Editio 
secunda.  8vo.  Paris.  Pars  I,  384  pp.  1903-1904.  Pars  II, 
375  pp.  1904.  Pars  III,  400  pp.  1904- 1905.  Pars  IV,  368  pp. 
1905.    Pars  V,  160  pp.    1906. 

63.  Rail,  E.  A.    Review  of  Lesquereux  and  James:  Manual  of  the 

Mosses  of  North  America.    Bot.  Gazette,  9:  151,  152.    1884. 

64.  Rau,  E.  A.,  and  Hexrey,  A.  B.    Catalogue  of  North  American 

Musci.    8vo.     $2  pp.    Taunton,  1880. 

65.  Renauld,  P.,  and  Cardot,  J.     Musci  Americas  Septentrionalis, 

ex  operibus  novissimis  recensiti  et  methodice  dispositi.  Rev. 
Bryol.,  19:  65-96.    1892;  ao:  1-32.    1893. 

66.  —  Musci  Americas  Septentrionalis  Exsiccati.    Nos.  1-400.    1892- 

1908. 

67.  Stephani,  F.    Species  Hepaticarum.    Vol.  I.    Anacrogynse.   413 

pp.  1898-1900.  Vol.  II.  Acrogynae.  615  pp.  1901-1906. 
Vol.  Ill  in  course  of  publication.  Reprinted  from  the 
Bulletin  and  Memoirs  of  the  Herbier  Boissier. 

68.  Siillivant,  W.  S.     Anophytes.     In  A.  Gray:     Manual  of  the 

Botany  of  the  Northern  United  States,  607-702;  7ZZ'7ZT,  pi. 
1-8,     1856.     Ed.  II. 
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69.  — The  Musci  and  Hepaticae  of  the  United  States  East  of  the 

Mississippi  River.  8vo.  113  pp.  8  pi.  New  York,  1856.  Re- 
print of  the  above. 

70.  — Icones  Muscorum,  or  Figures  and  Descriptions  of  most  of 

those  Mosses  peculiar  to  eastern  North  America  which  have 
not  been  heretofore  figured.  8vo.  216  pp.  128  pi.  Cam- 
bridge and  London,  1864. 

71.  Underwood,    L.    M.      Descriptive    Catalogue    of    the    North 

American  Hepaticae,  North  of  Mexico.    Bull.  Illinois  State 
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His  Excellency,  Rollin  S.  Woodruff,  Governor  of  Connecti- 
cut, Hartford,  Connecticut, 

Sir:  —  I  have  the  honor  to  transmit  to  you  herewith,  in  behalf 
of  the  Connecticut  Geological  and  Natural  History  Survey  Com- 
mission, the  report  of  the  Superintendent  of  the  work,  covering 
the  period  of  two  years  ending  December  31,  1908. 

Very  respectfully, 

FLAVEL  S.  LUTHER, 

Secretary  of  the  Commission. 
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THIRD  BIENNIAL  REPORT 


SCOPE  AND  PLAN  OF  THE  SURVEY 

There  has  been  no  change  in  the  general  scope  and  plan  of 
the  Survey  since  its  first  organization.  It  may,  however,  be  con- 
venient briefly  to  recapitulate  what  has  been  said  thereon  in 
former  reports.  The  Survey  was  established  by  an  act  approved 
June  3,  1903.  That  act  proposed  for  the  Survey  two  subjects  for 
investigation;  viz.,  the  geology  of  the  state,  and  the  natural 
history,  or  botany  and  zoology,  of  the  state.  It  has  been  pre- 
sumed to  be  the  intent  of  the  law  that  the  appropriation  should 
be  divided  with  some  approach  to  equality  between  geology  and 
biology.  The  law  establishing  the  Survey  proposes  definitely 
three  aims  with  reference  to  which  the  work  should  be  prose- 
cuted :  —  first,  the  purely  scientific  aim  of  advancing  our  knowl- 
edge of  the  geology  and  natural  history  of  the  state;  second, 
the  economic  aim  of  leading  to  the  most  effective  conservation 
and  utilization  of  the  resources  of  the  state;  third,  the  educa- 
tional aim  of  promoting  the  work  of  the  schools  of  the  state  by 
the  publication  of  the  results  of  investigation  in  a  form  adapted 
for  the  use  of  teachers. 

The  plan  of  organization  which  was  outlined  in  the  first  re- 
port has  been  retained.  Only  one  salaried  officer  has  been  ap- 
pointed by  the  Commissioners;  viz.,  the  Superintendent.  Other 
scientific  men  have  been  engaged  to  investigate  particular  sub- 
jects and  prepare  reports  or  bulletins  thereon.  In  the  great 
majority  of  cases,  the  terms  of  contract  with  these  scientific  men 
have  been  that  the  investigator  should  receive  a  certain  sum  as 
compensation  when  the  bulletin  presented  was  accepted  by  the 
Superintendent,  and  that  a  certain  allowance  should  also  be  made 
from  the  appropriation  for  the  Survey  for  the  expenses  of  the 
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work,  the  allotment  for  expenses  to  be  drawn  upon  from  time 
to  time  as  the  expenses  were  actually  incurred.  This  allowance 
for  expenses  has  been  understood  to  be  available  for  necessar>' 
travel,  for  the  employment  of  stenographic  or  other  clerical  as- 
sistance, or  for  the  employment  of  students  or  scientific  men  of 
less  experience  who  could  do  some  part  of  the  work  under  the 
direction  of  the  responsible  investigator.  In  some  cases,  however, 
this  form  of  contract  has  been  impracticable,  as  investigations 
have  been  commenced  and  prosecuted  in  regard  to  which  it 
could  not  be  foreseen  how  soon  they  would  result  in  conclusions 
definite  enough  for  publication.  In  such  cases  the  agreement 
has  been  to  pay  the  investigator  a  small  sum  per  diem,  a  maxi- 
mum limit  being  prescribed  in  every  such  case. 

Each  report  prepared  is  published  as  a  separate  bulletin,  the 
bulletins  being  numbered  consecutively,  generally  in  the  order 
of  time  in  which  they  are  received.  Each  bulletin  bears  the  name 
of  the  author  or  the  names  of  the  authors,  and  each  author  is 
responsible  for  his  own  work.  The  bulletins  are  issued  in  paper 
covers,  but  a  part  of  the  edition  is  reserved  for  binding.  Bulle- 
tins I  to  5  have  been  bound  as  Vol.  I.  Bulletins  6  to  ii  will 
be  bound  at  an  early  date  as  Vol.  II.  The  boimd  volumes  are 
especially  desirable  for  public  libraries  and  similar  institutions, 
in  which  complete  sets  of  our  publications  are  to  be  preserved. 
The  pamphlet  form,  in  which  each  bulletin  is  complete  in  itself, 
is  convenient  for  the  large  number  of  students,  teachers,  and 
others  who  have  use  for  some  particular  bulletin.  The  publications 
of  the  Survey  are  distributed  by  the  State  Librarian.  They  are 
given  liberally  to  colleges,  public  libraries,  geological  surveys, 
and  other  scientific  institutions,  and  to  scientific  men  of  repute 
in  the  branches  of  science  with  which  the  respective  bulletins 
are  concerned.  In  many  cases  publications  of  great  value  are  re- 
ceived in  exchange  for  the  publications  of  the  Survey.  All  books 
and  papers  thus  received  are  deposited  in  the  State  Library.  The 
publications  of  the  Survey  are  also  distributed  liberally  to  citizens 
of  our  own  state,  particularly  to  teachers  who  can  make  use 
of  them  in  their  work.  In  the  case  of  persons  in  other  statts  who 
are  not  known  as  scientific  men,  and  who  appear  to  have  no 
special  claim  for  the  donation  of  the  publications  of  the  Survey, 
the  bulletins  are  sold  at  prices  sufficient  to  cover  the  cost  of 
printing  and  transportation. 
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PULLETINS  ALREADY  PUBLISHED 

The  two  previous  biennial  reports  of  the  Commissioners  are 
numbered  respectively  in  the  series  as  i  and  9. 

Four  bulletins  on  scientific  subjects  were  published  between 
the  dates  of  publication  of  the  first  and  the  second  biennial  re- 
port.   These  were  the  following :  — 

No.  2.  A  Preliminary  Report  on  the  Protozoa  of  the  Fresh 
Waters  of  Connecticut :  by  Herbert  William  Conn. 

No.  3.  A  Preliminary  Report  on  the  Hymeniales  of  Con- 
necticut:  by  Edward  Albert  White. 

No.  4.  The  Clays  and  Clay  Industries  of  Connecticut:  by 
Gerald  Francis  Loughlin. 

No.  5.  The  Ustilagineae,  or  Smuts,  of  Connecticut:  by 
George  Perkins  Clinton. 

Five  bulletins  have  been  published  since  the  presentation  of 
the  second  biennial  report.     These  are  the  following:  — 

No.  6.  Manual  of  the  Geology  of  Connecticut:  by  William 
North  Rice,  Professor  of  Geology  in  Wesleyan  University,  and 
Herbert  Ernest  Gregory,  Professor  of  Geology  in  Yale  Univer- 
sity. 

No.  7.  Preliminary  Geological  Map  of  Connecticut:  by 
Herbert  Ernest  Gregory,  and  Henry  Hollister  Robinson,  In- 
structor in  Geology  in  Yale  University. 

No.  8.  Bibliography  of  Connecticut  Geology:  by  Herbert 
Ernest  Gregory. 

No.  10.  A  Preliminary  Report  on  the  Algae  of  the  Fresh 
Waters  of  Connecticut:  by  Herbert  William  Conn,  Professor  of 
Biology  in  Wesleyan  University,  and  Lucia  Washburn  (Hazen) 
Webster. 

No.  II.  The  Bryophytes  of  Connecticut:  by  Alexander  Wil- 
liam Evans,  Professor  of  Botany  in  Yale  University,  and  George 
Elwood  Nichols,  Assistant  in  Botany  in  Yale  University. 

The  .Manual  of  Connecticut  Geology  is  the  first  attempt  at  a 
somewhat  detailed  account  of  the  geology  of  the  entire  state 
since  the  publication  of  Percival's  report  in  1842.  It  is  needless 
to  say  that  our  knowledge  of  the  subject  has  greatly  advanced 
within  the  past  sixty  years.  During  that  time  much  work  has 
been  done  in  the  study  of  Connecticut  geology  by  officers  of  the 
United  States  Geological  Survey  and  by  private  individuals,  and 
the  general  advance  of  geological  science  has  put  a  new  inter- 
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pretation  upon  many  facts  previously  known.  But  the  results 
of  this  work,  so  far  as  published,  were  scattered  through  many 
volumes  of  scientific  serials  and  government  reports,  so  as  {o  be 
well  nigh  inaccessible  to  the  majority  of  students  and  teachers. 
The  publication  of  the  Manual  of  Geology  has  accordingly  sup- 
plied to  the  teachers  and  students  of  our  state  a  long-felt  need. 
The  book  consists  of  four  chapters:  —  the  first,  by  Professor 
Rice,  on  the  physical  geography  of  the  state  as  related  to  geologi- 
cal structure ;  the  second,  by  Professor  Gregory,  on  the  crystalline 
rocks;  the  third,  by  Professor  Rice,  on  the  Triassic  sandstones 
and  trap  rocks;  the  fourth,  by  Professor  Gregory,  on  glacial 
geology.  The  work  is  illustrated  with  lo  maps,  19  plates  from 
photographs  of  scenery  illustrating  geological  structure,  and 
numerous  diagrams.  It  has  been  heartily  welcomed  by  the 
teachers  of  the  state,  who  have  in  some  cases  purchased  consider- 
able numbers  of  copies  for  the  use  of  their  classes. 

The  Geological  Map  of  Connecticut  is  on  a  scale  of  four 
miles  to  the  inch.  It  has  been  produced  in  the  best  style  of 
chromolithography  by  Julius  Bien  &  Company.  The  map  shows 
all  the  topography  which  is  shown  in  the  State  Topographical 
Map  on  a  scale  of  two  miles  to  the  inch,  including  the  100- foot 
contour  lines.  Roads  are  indicated  by  single  lines.  Notwith- 
standing the  details  of  topography  and  culture  which  are  repre- 
sented on  the  map,  the  base  map  has  been  made  sufficiently  clear 
to  show  satisfactorily  the  geological  coloring  by  the  omission  of 
all  except  a  few  of  the  most  important  names.  The  map  has 
been  issued  in  three  different  forms :  —  the  first,  printed  on  thin 
paper,  to  be  folded  and  inserted  in  a  pocket  in  the  accompanying 
pamphlet ;  the  second,  printed  on  thick  paper ;  the  third,  mounted 
on  cloth  for  use  as  a  wall  map.  The  accompanying  pamphlet, 
besides  giving  all  necessary  explanations  for  the  understanding 
of  the  map,  gives  a  brief  history  of  geolc^ical  investigation  in 
the  state. 

The  Bibliography  of  Connecticut  Geology  was  prepared  by 
Professor  Gregory  for  his  own  use  in  investigation  and  teaching. 
It  was  recognized  by  the  Superintendent  of  the  Survey  that 
such  a  work  would  be  of  great  utility  to  all  students  and  teachers 
of  the  geology  of  the  state,  and  Professor  Gregory  generously 
gave  his  manuscript  to  the  Survey  without  any  compensation. 
It  gives  not  only  titles,  but  brief  analyses  of  the  contents,  and 
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in  some  cases  brief  criticisms,  of  publications  relating  to  Con- 
necticut geology,  whether  appearing  as  independent  works,  or 
as  articles  in  government  reports  or  in  periodicals.  Mention  is 
also  made  of  maps  showing  the  geology  of  the  entire  state  or  of 
parts  of  the  state.  The  work  will  certainly  be  of  great  value  to 
all  students  of  Connecticut  geology. 

The  Report  on  the  Fresh-water  Algae,  by  Professor  Conn  and 
Mrs.  Webster,  is  a  companion  work  to  Professor  Conn's  report 
on  tiie  fresh-water  protozoa  which  was  published  as  Bulletin 
No.  2.  Together  they  constitute  a  partial  fulfillment  of  the 
plan  which  was  formed  in  the  inception  of  tfie  Survey,  of  mak- 
ing a  thorough  study  of  the  microscopic  life  of  our  fresh  waters. 
It  was  believed  tiiat  such  a  study,  apart  from  its  scientific  and 
educational  value,  might  perhaps  develop  important  results  in 
reference  to  the  reservoirs  and  other  water  supplies  for  drinking 
purposes.  In  the  present  report  on  the  Algae,  analytical  keys 
to  genera  and  species  are  given,  and  the  species  which  have 
been  observed  are  represented  in  45  plates,  including  291  figures. 
Most  of  these  figures  are  from  drawings  by  Mrs.  Webster.  A 
few  of  them  are  by  Professor  Conn.  They  are  exceedingly 
beautiful,  and  will  be  found  very  helpful  by  all  students  of  this 
interesting  group  of  organisms. 

The  report  on  the  Bryophytes  of  Connecticut,  by  Professor 
Evans  and  Mr.  Nichols,  deals  with  a  group  of  plants  of  great 
interest  to  the  student  of  vegetable  morphology  and  evolution, 
and  not  destitute  of  important  economic  relations,  but  a  group 
which  until  recentiy  has  been  almost  entirely  neglected  by  stu- 
dents and  collectors  of  the  plants  of  the  state.  The  group  in- 
cludes the  plants  commonly  known  as  mosses  and  liverworts. 
The  present  report  is  not  illustrated;  and  is  not  intended  to  fe- 
place,  but  rather  to  supplement,  the  works  which  have  been  pub- 
lished, some  of  which  arc  sufficiently  accessible,  on  the  systematic 
botany  of  the  group.  Analytical  keys  are  given,  affording  a 
diagnosis  of  all  the  genera  and  species  known  to  occur  in  the 
state.  In  connection  with  each  species  are  given  the  names  of 
all  the  towns  in  which  the  species  have  been  observed  and  the 
names  of  the  botanists  by  whom  the  specimens  have  been  col- 
lected, together  with  the  date  of  its  first  discovery  in  the  state. 
The  book  aflFords  thus  a  history  of  the  study  of  a  comparatively 
neglected  group  in  the  state.    The  special  accoiftit  of  the  Bfyo- 


Digitized  by  VjOOQIC 


12  CONNECTICUT  GEOL.  AND  NAT.   HISTORY  SURVEY  [Bull. 

ph3rtes  of  Connecticut  is  preceded  by  chapters  on  the  general 
characters  of  the  class,  the  distribution  of  the  species  with  ref- 
erence to  topography,  climate,  and  geological  structure,  and  the 
economic  relations  of  the  plants,  and  is  followed  by  a  very  full 
bibliography. 


BULLETINS  ACCEPTED  FOR  PUBLICATION 

The  following  bulletins  have  been  accepted  for  publication :  — 

The  Lithology  of  Connecticut:  by  Joseph  Barrell,  Professor 
of  Geology  in  Yale  University,  and  Gerald  Francis  Loughlin, 
Instructor  in  Geology  in  Massachusetts  Institute  of  Technology. 

The  Flowering  Plants  and  Pteridophytes  of  Connecticut:  by 
a  Committee  of  the  Connecticut  Botanical  Society. 

Second  Report  on  the  Hymeniales  of  Connecticut:  by  Ed- 
ward Albert  White,  Assistant  Professor  of  Floriculture  in  the 
Massachusetts  Agricultural  College. 

The  Triassic  Fishes  of  Connecticut:  by  Charles  Rochester 
Eastman,  Curator  of  Vertebrate  Paleontology  in  the  Museum  of 
Comparative  Zoology,  Harvard  University. 

The  Insects  of  Connecticut,  Parts  i  and  2:  prepared  under 
the  direction  of  Wilton  Everett  Britton,  Entomologist  of  the 
Connecticut  Agricultural  Experiment  Station. 

The  bulletin  on  the  Lithology  of  Connecticut  contains  a  gen- 
eral introduction  to  Utholog}'  by  Professor  Barrell,  and  a  special 
description  of  forty-one  typical  rocks  from  Connecticut  localities 
by  Dr.  Loughlin.  In  the  general  part  of  the  work,  lithology  is 
treated  in  relation  to  mineralogy  and  dynamical  geology,  so  that 
the  student  may  learn  somewhat  of  the  agencies  by  which  the 
different  types  of  rocks  are  produced,  as  well  as  their  composi- 
tion and  characteristic  aspect.  Both  in  the  general  and  the 
special  part  of  the  work  attention  is  given  chiefly  to  those  charac- 
teristics of  rocks  which  can  be  recognized  by  the  naked  eye  or 
by  the  simple  microscope,  with  comparatively  little  reference 
to  the  phenomena  which  can  be  observed  only  by  the  examina- 
tion of  thin  sections  under  the  compound  polarizing  microscope. 
This  limitation  of  the  discussion  for  the  most  part  to  characters 
observable  by  the  naked  eye  renders  the  work  adapted  to  the 
use  of  comparatively  elementary  students.  The  usefulness  of  the 
work  in  the  high  schools  and  mother  institutions  in  the  state  will 
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be  greatly  enhanced  by  the  distribution  to  those  institutions  of 
suites  of  specimens  of  rocks  from  the  typical  localities  described 
in  the  special  part  of  the  paper.  These  specimens  were  for  the 
most  part  collected  in  the  summers  of  1905  and  1906.  They  will 
be  distributed,  as  soon  as  the  bulletin  is  published,  to  colleges, 
normal  schools,  high  schools,  and  academies  in  the  state,  on 
condition  that  the  institution  shall  pay  the  cost  of  transporta- 
tion. Any  suites  of  specimens  remaining  in  the  possession  of  the 
Survey  after  such  distribution  may  be  sold  and  the  money  paid 
into  the  treasury  of  the  state. 

The  work  of  the  Connecticut  Botanical  Society  on  the  Flow- 
ering Plants  and  Pteridophytes  of  the  state  will  be,  particularly 
from  an  educational  point  of  view,  one  of  the  most  important 
bulletins  of  the  Survey.  The  Connecticut  Botanical  Society, 
including  a  considerable  number  of  enthusiastic  botanists,  pro- 
fessional and  amateur,  have  been  engaged  for  a  considerable 
time  in  collecting  material  for  a  Flora  of  the  State.  Soon  after 
the  inception  of  the  State  Survey,  the  Connecticut  Botanical 
Society  acceded  to  the  invitation  of  the  Superintendent  of  the 
Survey,  to  furnish  their  work  when  completed  for  publication  as 
a  bulletin  of  the  Survey.  The  Committee  in  charge  of  the  work 
have  given  their  services  gratuitously,  the  Survey  making  only 
an  allowance  for  necessary  expenses.  The  bulletin  gives  a  com- 
plete list  of  the  plants  known  to  occur  in  the  State,  arranged 
according  to  the  classification  adopted  in  the  seventh  edition  of 
Gray's  Manual  of  Botany,  edited  by  Robinson  and  Femald. 
In  connection  with  each  species,  notes  are  given  in  regard  to  its 
geographical  and  topographical  distribution.  Special  attention  is 
naturally  given  to  rare  plants  and  to  those  plants  the  limit  of 
whose  range  lies  in  or  near  our  territory.  Notice  is  also  given 
of  the  economic  relations  of  all  plants  which  are  in  marked 
degree  useful  or  injurious.  In  this  work  analytical  keys  and 
descriptions  of  genera  and  species  are  not  given,  since  they  can 
be  found  in  Gray's  Manual  and  other  readily  accessible  books. 

The  Second  Report  on  the  Hymeniales,  by  Professor  White, 
is  chiefly  occupied  with  a  more  detailed  account  of  the  family 
Agaricacese.  This  is  the  most  important  family  of  the  Hymeni- 
ales, including  a  number  of  edible  mushrooms  and  also  some 
poisonous  species.  Besides  giving  a  detailed  account  of  this 
family,  the  paper  will  g^ve  a  supplementary  list  of  the  species 


Digitized  by  VjOOQIC 


14  CONNECTICUT  GEOU  AND  NAT.   HISTORY  SURVEY  [Bull. 

of  Other  families  of  Hymeniales  which  have  been  discovered  in 
the  state  since  the  publication  of  the  first  report 

The  bulletin  on  the  Triassic  Fishes,  by  Dr.  Eastman,  is  a 
very  important  contribution  to  tfie  paleontology  of  the  state. 
The  area  of  Connecticut  is  by  no  means  rich  in  fossils.  The  oys- 
talline  rocks  of  the  eastern  and  western  highlands  have  proved 
as  yet  utterly  barren  of  fossils.  Whatever  fossils  some  of  these 
rocks  may  have  once  contained  have  been  entirely  obliterated  by 
the  processes  of  metamorphism.  The  Triassic  formation  of  the 
Connecticut  Valley  has  afforded  Scarcely  any  fossils,  excepting 
tracks  of  reptiles  and  amphibians  on  some  of  the  beds,  and  re- 
mains of  fishes  in  two  or  three  thin  strata  of  black  shale  inter- 
calated among  the  red  sandstones.  The  scantiness  of  fossils  in 
this  formation  has  made  difficult  the  determination  of  its  geo- 
logical age.  Dr.  Eastman  has  made  a  very  careful  study  of  all 
the  important  collections  of  the  fossil  fishes  of  this  formation. 
He  has  been  able  tfius  to  make  a  more  exact  determination  of 
some  features  of  the  anatomy  of  the  animals  than  has  been  made 
before.  He  has  also  made  comparisons  of  the  fish  fauna  of  our 
Connecticut  beds  with  the  fish  faunas  of  other  Triassic  forma- 
tions in  various  parts  of  the  world.  This  comparison  leads  him 
to  the  opinion  that  the  age  of  our  Connecticut  formation  corre- 
sponds most  nearly,  not  with  the  uppermost  European  Trias 
(Keuper  or  Rhaetic),  but  rather  with  a  somewhat  lower  horizon, 
near  the  boundary  between  the  Muschelkalk  and  the  Keuper. 

The  bulletin  on  the  Insects  of  Connecticut  forms  the  ban- 
ning of  a  series  of  papers  on  that  group  of  animals,  whose  pub- 
lication may  be  distributed  through  a  considerable  number  of 
years.  It  is  needless  to  comment  on  the  immense  economic  im- 
portance of  the  class  of  insects,  many  insects  being  the  worst 
enemies  of  our  agricultural  interests,  while  others,  insectivorous 
or  parasitic  in  habit,  tend  to  hold  in  check  the  destroyers  of 
agricultural  products.  Two  parts  of  the  work  have  thus  far 
been  accepted  for  publication.  Part  i  is  a  general  outline  of  the 
character  and  relations  of  the  class,  by  Dr.  Britton,  who  is  to 
act  also  as  general  editor  of  the  whole  series  of  papers  on  insects. 
Part  2  is  a  special  discussion  of  the  Orthoptera  of  Connecticut, 
by  Benjamin  Hovey  Walden,  Assistant  in  Entomology  in  Con- 
necticut Agricultural  Experiment  Station.  The  mere  mention 
of  the  words  locust  and  grasshopper  is  enough  to  suggest  the 
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importance  of  the  economic  relations  of  the  orthoptera.  These 
papers  will  be  illustrated  by  a  number  of  plates  showing  photo- 
graphic representations  of  entire  insects,  and  by  drawings  of 
diagnostic  parts  of  the  anatomy  of  the  various  groups. 


WORK  STILL  IN  PROGRESS 
/.     Geology 

The  geological  investigations  now  in  progress  relate  chiefly 
to  surface  geology,  or  the  study  of  the  phenomena  connected 
with  the  work  of  the  great  ice  sheet  of  the  Glacial  period.  For 
more  than  a  generation  geologists  have  recognized  that  the  man- 
tle of  heterogeneous  and  unstratified  drift  covering  most  of 
New  England  and  the  adjacent  country  is  essentially  the  ground 
moraine  of  a  continental  glacier;  that  the  widely  scattered 
smooth,  polished,  and  striated  rock  surfaces  are  the  result  of 
erosion  by  such  a  continental  glacier;  and  that  the  stratified  de- 
posits in  the  river  valleys  consist  of  the  debris  transported  by 
the  glacier,  sorted  and  redistributed  by  the  action  of  water.  But 
it  is  within  a  comparatively  few  years  that  a  more  thorough 
and  detailed  study  has  been  given  to  these  glacial  phenomena. 
Of  the  comparatively  small  amount  of  study  that  has  been  given 
to  the  glacial  geology  of  Connecticut,  a  considerable  part  has 
been  vitiated  by  preconceptions  now  known  to  be  erroneous, 
leading  to  false  interpretations  of  observed  facts,  and  preventing 
due  appreciation  of  phenomena  which  might  have  been  observed. 
There  is  need  of  a  large  amount  of  new  study  before  the  true 
history  of  the  glacial  and  aqueo-glacial  formations  of  the  state 
can  be  determined. 

Dr.  F.  P.  Gulliver  of  Norwich  has  been  at  work  for  some 
time  on  a  detailed  study  of  the  terraces  bordering  the  estuary 
of  the  Thames.  These  shelves  of  stratified  sand  and  gravel  at 
a  considerable  elevation  above  the  present  level  of  the  river  have 
been  supposed  to  be  remnants  of  a  great  sand  and  gravel  plain 
which  was  once  substantially  continuous  across  the  valley,  and 
which  was  formed,  after  the  retreat  of  the  ice  from  the  portion 
of  the  valley  in  question,  by  deposition  in  the  waters  of  the 
river,  whose  velocity  was  at  that  time  feeble  by  reason  of  dimin- 
ished slope  and  excessive  load  of  sediment.    A  number  of  years 
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ago  Dr.  Gulliver  published  a  preliminary  paper  on  the  terraces 
of  the  Thames,  in  which  he  gave  reasons  for  the  belief  that  those 
terraces  were  formed  on  the  edges  of  the  valley  while  a  tongue 
of  ice  still  lingered  in  the  central  part  Various  students  have 
shown  reasons  for  a  similar  belief  as  regards  the  terraces  in  flie 
lower  or  estuarine  portions  of  other  rivers  of  the  North  Atlantic 
slope.  The  study  of  these  terraces  is  therefore  of  great  interest 
in  the  endeavor  to  trace  out  the  detailed  history  of  the  later 
stages  of  the  ice  age.  Dr.  Gulliver  has  accordingly  undertaken 
to  make  a  more  detailed  survey  of  the  terraces  of  the  Thames 
River,  and  to  furnish  the  result  for  publication  as  a  bulletin 
of  the  State  Survey. 

Numerous  other  problems  present  themselves  in  the  detailed 
study  of  the  glacial  geology  of  this  region.  Studies  of  the 
glacial  formations  in  the  Mississippi  Valley,  in  northern  Europe, 
and  in  the  Alpine  region,  have  clearly  revealed  the  fact  that  the 
Glacial  period  was  more  complex  than  was  formerly  supposed. 
There  were  repeated  alternations  of  rigor  and  mildness  in  the  clim- 
ate, in  accordance  with  which  the  great  ice  sheets  alternately  ad- 
vanced and  retreated.  The  deposits  of  earlier  ice  sheets  can  be 
recognized  in  some  regions,  emerging  from  beneath  the  edge  of 
the  later  deposits,  while  in  some  localities  stratified  and  fossilifer- 
ous  interglacial  deposits  can  be  recognized  between  the  older  and 
the  younger  glacial  formations.  In  New  England  the  latest  ad- 
vance of  the  ice  sheet  extended  beyond  the  shore  line,  and  it  has 
been  generally  supposed  that  the  latest  ice  invasion  so  thoroughly 
disturbed  all  deposits  of  the  earlier  ice  sheets,  as  to  leave  no  recog- 
nizable remains  of  them.  There  is  need,  however,  of  thorough 
study  of  precisely  this  question.  There  is  need  also  of  careful 
examination  for  the  purpose  of  tracing  in  more  detail  the  history 
of  successive  stages  in  the  final  recession  of  the  ice  sheet.  During 
the  summer  of  1907  Professor  H.  E.  Gregory  devoted  con- 
siderable time  to  field  work  in  the  study  of  the  Glacial  formations 
of  the  state.  As  a  preliminary  result  of  this  study,  a  bulletin  on 
the  Glacial  phenomena  of  the  Naugatuck  Valley  will  be  ready  at 
an  early  date.  In  the  Geological  Map  of  Connecticut,  which  was 
published  as  Bulletin  No.  7,  surface  geology  was  entirely  ignored, 
the  map  representing  only  the  bed  rocks  which  lie  beneath  the 
mantle  of  drift.     It  is  expected  that  Professor  Gregory's  work 
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will  result  eventually  in  the  preparation  of  another  general  map 
of  the  state  showing  the  surface  geology,  and  a  volume  of  text 
tracing  with  some  approach  to  completeness  the  history  of  the 
Glacial  period  in  our  state. 

The  melting  away  of  the  great  ice  sheet  left  the  surface  of 
Connecticut  and  of  the  adjacent  country  dotted  with  innumerable 
lakes  and  ponds,  many  of  which  have  already  become  obliterated. 
One  of  the  processes  which  have  led  to  tiie  disappearance  of 
these  ponds  is  the  accumulation  of  the  debris  of  vegetation,  con- 
verting the  ponds  into  peat  bogs.  The  peat  is  not  only  of  great 
scientific  interest,. both  to  the  geologist  and  to  the  botanist,  but 
possesses  considerable  economic  importance,  having  uses  as  a  fuel 
and  as  a  fertilizer,  and  being  capable  also  incidentally  of  employ- 
ment for  various  other  purposes.  Attention  has  recently  been 
called  to  the  economic  value  of  peat  by  the  investigations  of 
the  United  States  Geological  Survey,  which  have  shown  its 
special  fitness  for  use  in  the  gas-producer.  It  was,  therefore, 
deemed  desirable  to  make  a  special  investigation  of  the  peat  de- 
posits of  Connecticut,  and  this  was  rendered  practicable  by  the 
generous  cooperation  of  the  United  States  Geological  Survey. 
During  the  summer  of  1907  the  field  work  of  the  investigation 
was  substantially  accomplished.  The  localities  of  all  the  impor- 
tant peat  bogs  of  the  state  were  visited,  the  area  of  those  bogs 
was  noted,  their  depth  was  determined  by  a  sounding  apparatus, 
and  samples  for  analysis  were  collected  from  various  depths. 
This  work  was  accomplished  by  Messrs.  E.  C.  Miller,  A.B., 
and  T.  T.  Giffen,  A.B.,  of  Yale  University.  Professor  C.  A. 
Davis  of  the  University  of  Michigan,  who  was  employed  by  the 
United  States  Geological  Survey  in  the  summer  of  1907  for  a 
reconnoissance  of  the  peat  deposits  of  the  Atlantic  border  of  the 
country  from  Maine  to  Florida,  was  permitted  by  the  courtesy  of 
the  United  States  Geological  Survey  to  spend  a  few  days  in 
Connecticut  at  the  beginning  of  the  season  of  field  work.  He 
was  able,  therefore,  to  give  Messrs.  Miller  and  Giffen  the  neces- 
sary instruction  in  regard  to  methods  of  work.  The  bulletin 
which  will  be  published  will  contain  a  general  paper  on  the  scien- 
tific and  economic  relations  of  peat,  by  Professor  Davis,  who  has 
made  himself  eminently  an  authority  on  the  subject.  It  will  also 
contain  the  notes  of  Messrs.  Miller  and  Giffen  in  regard  to  their 
field  work.  A  selection  of  samples  collected  by  Messrs.  Miller 
and  Giffen  have  been  analyzed  in  the  laboratory  of  the  United 
States  Geological  Survey,  and  reports  of  those  analyses  will  be 
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included  in  the  bulletin.  The  State  Survey  is  very  greatly  in- 
debted to  the  liberality  of  the  United  States  Geological  Survey 
for  the  all-important  assistance  of  Professor  Davis  at  the  b^^- 
ning  of  the  investigation,  and  for  the  analyses  made  in  the  labora- 
tory of  the  United  States  Geological  Survey. 

//.    Botany 

Dr.  G.  P.  Qinton  of  the  Connecticut  Agricultural  Experi- 
ment Station,  whose  paper  on  the  smuts  was  published  as  Bulletin 
No.  5,  is  at  work  on  another  important  group  of  parasitic  fungi, 
viz.,  the  downy  mildews.  This  group  includes  a  number  of 
parasites  destructive  to  important  agricultural  products,  and  the 
bulletin  will  be  therefore  an  important  contribution  to  the 
economic  botany  of  the  State. 

Professor  Conn,  whose  work  on  the  protozoa  and  algae  of  the 
fresh  waters  of  Connecticut  has  been  published  as  Bulletins  2 
and  iO|  is  continuing  his  study  of  the  microscopic  life  of  the 
fresh  waters  by  an  investigation  of  the  bacteria.  The  relation 
of  bacteria  to  public  health  is  so  well  understood  as  to  make  it 
obvious  that  a  study  of  the  distribution  pf  bacteria  in  the  reser- 
voirs and  other  sources  of  drinking  water  must  be  of  great  im- 
portance from  a  practical  as  well  as  from  a  purely  scientific  point 
of  view.  A  preliminary  report  on  the  bacteria  will  be  presented 
at  an  early  date. 

///.    Zoology 

Mr.  John  H.  Sage  of  Portland  and  Dr.  Louis  B.  Bishop  of 
New  Haven  are  still  at  work  upon  their  bulletin  on  the  birds  of 
Connecticut.  It  will  contain  a  vast  amount  of  information  in 
regard  to  the  dates  of  arrival  and  departure  of  our  migratory 
birds,  the  localities  of  rare  birds,  and  the  food  and  habits  of  the 
birds.  This  bulletin  will  be  of  interest  not  only  to  ornithologists 
but  also  to  teachers  and  farmers.  It  will  tend  to  correct  some 
erroneous  impressions  which  are  prevalent  in  regard  to  the  rela- 
tion of  some  birds  to  agricultural  interests.  Some  of  the  birds 
of  prey,  for  instance,  which  are  commonly  regarded  as  the 
farmer's  foes,  are  really  the  farmer's  friends.  In  fact,  the  sharp- 
shinned  hawk,  Cooper's  hawk,  and  the  great  homed  owl  are 
probably  the  only  birds  of  prey  that  are  in  any  considerable 
degree  injurious  to  agriculture  in  Connecticut. 

As  stated  above,  two  parts  of  a  work  on  the  insects  of  Con- 
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necticut,  prepared  under  the  direction  of  W.  E.  Britton,  have 
been  already  accepted  for  publication.  Part  third,  relating  to  the 
hymenoptera,  is  nearly  completed.  This  part  is  by  Mr.  Henry 
L.  Viereck,  formerly  of  the  Connecticut  Agricultural  Experi- 
ment Station.  The  hymenoptera,  including  the  bees,  wasps,  ants, 
and  saw-flies,  are  a  group  of  great  interest  from  an  economic 
as  well  as  from  a  purely  scientific  point  of  view,  many  of  them 
being  eminently  useful  and  others  decidedly  injurious  to  agricul- 
ture. 

A  bulletin  on  the  echinodermata  of  Connecticut,  by  Pro- 
fessor W.  R.  Coe  of  Yale  University,  is  nearly  ready.  The 
starfishes,  which  are  among  the  best-known  representatives  of 
this  group,  occasion  a  very  serious  loss  to  the  resources  of  the 
state  by  the  ravages  which  they  make  in  oyster  beds.  Professor 
Coe  has  given  much  attention  in  this  bulletin  to  the  economic 
relations  of  the  group.  The  paper  will  be  beautifully  illustrated, 
and  will  be  of  much  use  to  the  teachers  of  natural  history  in  the 
schools. 

DISTRIBUTION  OF  THE  APPROPRIATIONS 

The  expenditures  for  work  which  has  been  completed  and  for 
which  full  payment  has  been  made  since  the  last  biennial  report 
have  been  as  follows:  — 

Name  Work  Compensation  Ezpeniea 

W.  N.  Rice                          .  Superintendence,  1905-7    .  $400  $25649 

H.  W.  Conn                         .  Fresh-water  Algae  150  250.00 
A.   W.   Evans   and   G.   E. 

Nichols       ....  Bryophytcs  100  50.00 
J.  Barrel!  and  G.  F.  Lough- 

lin Lithology     ....  150  550.00* 

The  allotments  for  work  which  is  still  in  progress,  or  for 
which  full  payment  has  not  been  made,  are  as  follows :  — 

Name  Work                             Compensation  Expenses 

W.  N.  Rice   ....      Superintendence,  1907-9     .  $400         $300 

F.  P.  Gulliver  Thames  River  Terraces    .  171           154 

H,  E.  Gregory  Quaternary  Geology  .  9oot 

C.  R.  Eastman  .       .      Triassic  Fishes   .               .  300           100 

C  A.  Davis,  T.  T.  GiflFen, 

and  R  C.  Miller                    Peat 329           320 

•The  exceptionally  largre  allowance  for  expenses  provided  for  the  collection ^of 
suites  of  specimens  for  distribntion, 

tThis  Inyestigation  requires  a  very  largre  amonnt  of  field  work. 


Digitized  by  VjOOQIC 


20 


CONNECTICUT  GEOL.   AND  NAT.   HISTORY  SURVEY 


[Bull. 


Name 

Work 

Coinpeosatioii  BTpcrnioti 

ConiL  Botanical  Society 

Flowering      Plants 
Pteridophytes   . 

and 

300 

G.  P.  Ginton 

Downy  Mildews 

. 

50 

25 

E.  A.  White         .       . 

Fungi    . 

, 

100 

75 

H.  W.  Conn          .       . 

Fresh-water  Bacteria 

. 

200 

250 

J.    H.    Sage    and    L.     B 

Bishop 

Birds     . 

200 

200 

W.  R.  Coc     .        .        .        , 

Echinoderms 

75 

25 

W.  E.  Britton 

Insects 

. 

125 

125 

The  smallness  of  the  compensation,  in  comparison  with  the 
grade  of  ability  of  the  workers,  the  amount  of  the  work,  and  the 
value  of  the  results,  is  very  noticeable. 

PLANS  FOR  FUTURE  WORK 
/.     Geology 

It  may  be  said  in  general  that  there  is  need  of  more  detailed 
study  in  most  parts  of  the  state  than  has  yet  been  accomplished. 
Apart  from  the  problems  of  surface  geology,  the  area  of  the 
state  most  thoroughly  studied  is  that  of  the  Triassic  formation. 
The  area  where  detailed  work  is  most  lacking  as  yet  is  that  of 
the  eastern  crystallines.  The  geological  work  which  has  been 
done  in  much  of  eastern  Connecticut  amounts  to  little  more  than 
a  reconnoissance.  The  Manual  of  Geology,  and  the  Geological 
Map  by  which  it  is  supplemented,  bear  most  eminently  the  char- 
acter not  of  final  reports,  but  of  reports  of  progress.  Their  pub- 
lication was  amply  justified  by  the  need,  on  the  part  of  teadiers 
and  others,  for  publications  which  would  set  forth  in  convenient 
and  intelligible  form  our  present  knowledge  of  the  geology  of 
the  state.  But  they  certainly  will  require  very  much  of  correc- 
tion in  detail.  It  is,  moreover,  not  unlikely  that  more  detailed 
study  will  bring  to  light  facts  which  will  lead  to  very  important 
changes  in  the  general  conception  of  the  geological  history  which 
is  recorded  in  our  rocks. 

The  necessity  for  more  detailed  study  in  various  parts  of  the 
state  is  even  greater  in  regard  to  surface  geology  than  in  r^;ard 
to  the  geology  of  the  underlying  rocks.  Professor  Gr^^ry  has 
made  a  beginning  of  such  investigation;  but  a  vast  amount  of 
careful  work  must  be  done  before  we  can  reach  the  true  history 
of  the  Quaternary  era  in  our  territory. 

A  report  on  the  mineralogy  of  our  state  would  be  very  useful. 
Lists  of  American  localities  of  minerals  have  been  published  in 
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a  number  of  editions  of  the  works  of  J.  D.  and  E.  S.  Dana  on 
mineralogy,  the  latest  being  in  the  sixth  edition  of  the  System  of 
Mineralogy,  published  in  1892.  A  list  of  Connecticut  minerals 
by  Hattie  E.  Cochrane,  dated  1894, 13  contained  in  the  Report  of 
the  State  Board  of  Education  for  1896.  Neither  of  these  lists 
is  by  any  means  complete.  Moreover,  a  report  of  the  mineralogy 
of  the  state  should  be  much  more  than  a  mere  list  of  minerals 
occurring  in  the  respective  towns.  Such  a  report  should  give 
more  detailed  information  in  regard  to  localities  of  interesting 
and  important  minerals,  and  should  enter  into  some  discussion  of 
the  geological  relations  of  the  minerals. 

Among  the  bulletins  already  accepted  for  publication,  is  one 
on  the  Triassic  fishes  by  Dr.  Eastman.  Besides  these  fishes,  the 
Triassic  rocks  afford  another  interesting  class  of  fossils ;  namely, 
the  tracks  of  various  animals,  chiefly  reptiles  and  amphibians.  A 
future  bulletin  should  be  devoted  to  a  revision  of  these  tracks. 

In  the  introductory  chapter  of  the  Manual  of  Connecticut 
Geology  is  found  a  brief  discussion  of  the  physical  geography  of 
the  state  in  relation  to  geological  structure.  A  subject  whose 
treatment  in  a  bulletin  or  in  a  series  of  bulletins  would  be  of 
great  educational  value,  would  be  the  physical  geography  of 
various  parts  of  the  state,  particularly  in  relation  to  human  life 
and  history.  In  such  publications  the  influence  of  geographic 
conditions  in  the  location  of  towns,  in  the  determination  of 
routes  of  travel,  and  in  the  control  of  the  industries  of  the  state, 
should  be  discussed.  Such  bulletin  or  bulletins  on  the  physical 
geography  of  the  state  would  be  of  great  interest  to  all  intelligent 
citizens,  and  particularlj^  to  the  teachers  in  our  schools. 

//.     Botany 

The  labors  of  the  Connecticut  Botanical  Society  have  given 
to  us  a  list  of  the  flowering  plants  of  the  state,  and  of  the  ferns 
and  their  allies.  This  paper  will  afford  much  information  in  re- 
gard to  the  geographical  and  topographical  distribution  of  par- 
ticular species  of  plants.  An  appropriate  line  of  investigation, 
and  one  in  regard  to  which  it  may  be  hoped  that  the  Survey  may 
be  able  to  publish  important  papers  in  the  future,  would  be  the 
more  extended  study  of  the  distribution  of  plants  with  reference 
to  altitude,  geological  formation,  distance  from  the  sea,  tempera- 
ture, and  rainfall,  and  the  grouping  of  plants  into  plant  societies 
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be  ready  also  to  give  attention  to  particular  investigations  which 
may  have  a  special  importance,  for  economic  or  other  reasons,  at 
some  particular  time.  Moreover,  the  work  of  a  Geol<^cal  and 
Natural  History  Survey  can  be  carried  on  much  more  economi- 
cally by  the  plan  of  small  appropriations  maintaining  a  permanent 
organization,  than  by  the  plan  of  attempting  to  complete  the 
work  in  a  few  years  and  then  doing  it  over  again  a  generation 
later.  The  experience  of  our  Connecticut  Survey  illustrates  well 
the  economy  of  this  method  of  procedure.  Field  work  can  be 
done  in  the  summer  vacations  by  college  professors,  teachers^ 
and  others  who  are  willing  to  do  a  certain  amount  of  such  work 
for  very  small  compensation.  Investigations  can  be  made  and 
bulletins  can  be  written  in  large  degree  in  odds  and  ends  of 
time,  by  men  who  receive  salaries  for  work  in  the  colleges  and 
other  institutions  of  learning,  or  in  museums  and  other  scientific 
institutions.  Under  such  conditions  men  of  a  high  grade  of 
ability  and  attainment  are  willing  to  offer  for  publication  the  re- 
sult of  their  investigations  for  merely  nominal  compensation. 
The  amount  of  valuable  material  already  published,  and  the 
amount  which  is  ready  or  nearly  ready  for  publication,  by  our 
Survey,  in  comparison  with  the  very  small  cost,  is  a  striking 
illustration  of  the  economy  of  this  method  of  procedure.  If, 
on  the  other  hand,  the  work  of  a  Survey  is  to  be  completed,  and 
final  reports- presented  in  a  few  years,  it  is  generally  necessary 
that  a  number  of  competent  men  should  be  employed  to  give 
practically  their  whole  time  to  the  work.  They  must  be  paid 
salaries  which  will  justify  them  in  resigning  any  official  positions 
which  they  may  hold  and  taking  their  chances  of  securing  other 
employment  when  the  work  of  the  Survey  is  finished. 

If  the  State  Geological  and  Natural  History  Survey  is  recog- 
nized as  a  permanent  institution,  it  is  not  important  that  its  an- 
nual appropriation  should  be  largely  increased.  Our  annual 
appropriation  is  certainly  one  of  the  smallest,  if  not  absolutely 
the  smallest  annual  appropriation  afforded  at  the  present  time 
by  any  state  which  maintains  a  Geological  or  Natural  History 
Survey.  Several  of  the  states  have  been  making,  year  after  year, 
an  appropriation  of  $10,000  for  geology  alone,  in  comparison 
with  which  our  appropriation  of  $1,500  a  year  for  geology, 
botany,  and  zoology  seems  pretty  small.  In  the  states  referred 
to,  this  large  appropriation  for  geological  work  is  exclusive  of 
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the  cost  of  publication,  as  is  the  case  with  our  own  appropr 
tion.  If,  in  its  wisdom,  the  General  Assembly  is  disposed  sligh 
to  increase  the  appropriation  for  the  State  Survey,  we  will  undi 
take  to  make  good  use  of  the  additional  money;  but  we  are  i 
disposed  strenuously  to  urge  an  increased  appropriation.  If  1 
Survey  can  be  recognized  as  a  permanent  institution  and  t 
same  annual  appropriation  can  be  assured,  and  if  adequate  pi 
vision  can  be  made  for  the  publication  of  the  results  of  t 
Survey,  the  conditions  for  the  work  of  scmie  years  in  the  imme 
ate  future  will  be  satisfactory. 

LEGISLATION  DESIRED  IN  REGARD  TO  PUBLICATION  O 

BULLETINS 

The  law  establishing  the  Survey  made  it  the  duty  of  the  Co 
missioners  to  cause  to  be  prepared  a  report  to  the  General  ^ 
sembly  before  each  meeting  of  the  same,  and  special  reports,  w: 
necessary  illustrations  and  maps,  on  the  geology  and  natu: 
history  of  the  state.  It  also  made  it  the  duty  of  the  Comm 
sioners  to  direct  in  regard  to  the  sale  or  distribution  of  the  i 
ports,  when  printed.  It  imposed  upon  the  Commissioners 
responsibility  for  the  printing.  It  was  the  obvious  intent  of  t 
act  that  the  whole  of  the  small  appropriation  made  for  the  Si 
vey  should  be  devoted  to  the  scientific  work  of  investigation  a 
preparation  of  the  reports.  The  cost  of  publication  of  the  repoi 
was  to  come  out  of  the  general  funds  in  the  treasury  of  t 
state.  When  the  first  bulletin  of  the  Survey  came  to  be  print< 
an  unexpected  difficulty  appeared.  The  general  law  in  rega 
to  the  state  printing  provides  for  the  printing  of  not  more  th 
1,575  copies  of  any  official  report.  But  such  an  edition  is  uttei 
inadequate  for  the  bulletins  in  the  Survey.  It  is  desired  th 
these  bulletins  should  be,  as  is  customary  in  the  case  of  simil 
publications  in  other  states,  widely  distributed  to  colleges,  scienti 
institutions,  public  libraries,  scientific  men,  teachers,  and  othe 
The  editions  of  similar  reports  published  by  other  states  genera 
range  from  3,000  to  8,000.  It  is  obviously  useless  to  prepa 
elaborate  scientific  reports,  and  then  print  so  small  an  edition 
to  render  it  impossible  for  those  reports  to  reach  the  persons  w 
would  desire  to  use  them.  Hence  the  necessity  for  some  acti 
of  the  General  Assembly  to  provide  for  the  printing  of  the  bul 
tins  of  the  Survey. 

At  the  session  of  the  General  Assembly  in  1905,  the  matt 
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was  dealt  with  for  the  time  being  by  a  resolution  authorizing  the 
printing  of  the  desired  numbers  of  copies  of  certain  specified 
bulletins,  and  of  such  others,  not  exceeding  thirteen  in  number, 
as  might  be  ready  for  printing  before  January  i,  1907.  Under 
this  authorization  Bulletins  i  to  9  were  printed. 

At  the  session  of  1907,  the  General  Assembly  adopted  a  resolu- 
tion authorizing  the  Comptroller  "  to  have  printed,  in  lieu  of  the 
number  of  copies  authorized  by  the  general  statutes  relating  to 
public  documents,  3,000  copies  of  the  regular  and  special  reports 
of  the  State  Geological  and  Natural  History  Survey,  and,  in  ad- 
dition to  the  number  hereinbefore  specified,  such  number  of  any 
of  the  special  reports  of  said  Survey  as  may  be  requested  by  the 
Conmiissioners  of  said  Survey  and  approved  by  the  Board  of 
Control ;  provided,  that  the  total  number  of  copies  of  any  report 
so  printed  shall  in  no  case  exceed  4,500."  The  second  section  of 
the  resolution  appropriated  the  sum  of  $5,000,  for  the  two  fiscal 
years  ending  September  30,  1909,  "  in  full  compensation  for  the 
purposes  of  this  resolution."  There  has  been  some  doubt  in  re- 
gard to  the  intent  of  the  second  section.  Was  that  $5,000  appro- 
priated to  cover  the  entire  expense  of  the  publication  of  all 
bulletins  which  should  be  printed  prior  to  September  30,  1909? 
or  was  that  $5,000  appropriated  to  provide  for  the  printing  of  the 
numbers  of  copies  in  excess  of  the  number  of  copies  of  public 
documents  authorized  by  the  general  law?  No  legislation  was 
needed  to  authorize  the  printing  of  1,575  copies  of  each  of  the 
reports,  since  that  was  made  the  duty  of  the  Comptroller  by  the 
original  act.  Special  legislation  was  required  only  to  authorize 
the  printing  of  the  number  of  copies  called  for  in  excess  of  the 
number  specified  in  the  general  law.  The  Board  of  Control, 
doubtless  wisely,  adopted  the  more  conservative  construction  of 
the  resolution,  holding  that  the  $5,000  appropriated  in  the  second 
section  of  that  resolution  must  cover  the  entire  cost  of  publica- 
tion of  bulletins  of  the  Survey  which  should  be  printed  prior  to 
September  30,  1909.  Bulletins  10  and  11  have  been  printed; 
and  the  Board  of  Control  has  authorized  the  printing  of  the 
bulletin  by  Professor  Barrell  and  Dr.  Loughlin  on  the  Lithology 
of  Connecticut,  and  the  bulletin  of  the  Connecticut  Botanical  &>- 
ciety  on  Flowering  Plants  and  Pteridophytes  of  Connecticut  But 
these  bulletins  will  so  nearly  exhaust  the  $5,000  appropriated  that 
no  other  bulletins  can  be  printed  until  some  additional  action  is 
taken  by  the  General  Assembly.     Several  bulletins  containing 
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the  results  of  important  investigations  have  been  accepted  for 
publication,  but  must  remain  unpublished  until  some  action  is 
taken  by  the  General  Assembly.  The  bulletins  whose  publication 
is  thus  deferred  are  the  following :  Second  Report  on  the  Hymeni- 
ales,  by  Professor  E.  A.  White;  The  Triassic  Fishes  of  Con- 
necticut, by  Dr.  C.  R.  Eastman ;  and  Parts  I.  and  II.  of  the  work 
on  the  Insects  of  Connecticut,  prepared  under  the  direction  of 
W.  E.  Britton.  A  niunber  of  other  bulletins  are  nearly  ready, 
and  will  doubtless  be  presented  to  the  Superintendent  within 
the  next  few  months.  It  is  certainly  to  be  greatly  regretted  that 
the  publication  of  these  valuable  bulletins  should  be  delayed  by 
the  lack  of  autfiorization  to  print  them. 

In  the  resolution  passed  by  the  General  Assembly  in  1907, 
it  was  assumed  that  the  minimum  number  of  copies  of  any  bul- 
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We  accordingly  earnestly  petition  the  General  Assembly 
either  specifically  to  authorize  the  printing  of  the  number  of 
copies  above  specified  in  the  case  of  each  of  the  forthcoming 
bulletins,  or  to  pass  a  resolution  authorizing  the  printing  of  such 
editions  of  the  respective  bulletins,  not  exceeding  4,500  in  any 
case,  as  may  be  recommended  by  the  Board  of  Commissioners 
and  approved  by  the  Board  of  Control. 

Attention  has  already  been  called  to  the  large  amount  of 
valuable  scientific  work  which  the  Survey  has  produced  at  very 
small  cost.  Scientific  men  in  our  own  state,  and  even  outside 
of  our  state,  have  been  willing  to  contribute  to  the  Survey  bulle- 
tins containing  the  result  of  years  of  study,  for  merely  nominal 
compensation.  The  work  of  tiie  scientific  men  in  the  Survey  has 
been  truly  a  labor  of  love.  But  the  printers  cannot  be  expected 
to  work  for  love.  They  must  be  paid.  And  we  eamestiy  appeal 
to  the  General  Assembly  for  generous  action  in  regard  to  the 
publication  of  the  bulletins  of  the  Survey,  that  the  labors  of  the 
scientific  workers  may  not  be  rendered  useless  by  failure  to 
authorize  their  publication. 

THE  TOPOGRAPHICAL  ATLAS  OF  CONNECTICUT 

In  addition  to  the  regular  work  of  the  Survey,  the  last  Gen- 
eral Assembly  imposed  one  special  duty  upon  the  Commissioners 
of  the  State  Geological  and  Natural  History  Survey.  The  supply 
of  bound  copies  of  the  Topographical  Adas  of  the  state,  in  the 
office  of  the  State  Librarian,  is  now  nearly  exhausted.  There  is 
a  steady  demand  on  the  part  of  citizens  of  the  state  for  the  pur- 
chase of  bound  copies  of  the  atlas,  as  well  as  for  the  purchase 
of  separate  topographic  sheets.  On  recommendation  of  the  State 
Librarian,  the  General  Assembly  at  its  last  session  instructed 
the  Commissioners  of  the  State  Survey  to  procure  from  the  Di- 
rector of  the  United  States  Geological  Survey  500  copies  of  the 
sheets  of  the  Topographical  Atlas  of  Connecticut,  and  to  cause 
the  same  to  be  suitably  bound.  A  subsequent  section  of  the 
resolution  appropriated  the  sum  of  $1,000  for  this  specific  pur- 
pose. 

At  the  time  this  resolution  was  passed  it  was  hoped  that  some 
revision  might  be  made  in  the  sheets  to  be  purchased  from  the 
United  States  Geological  Survey.  There  are  some  inaccuracies 
and  a  few  glaring  errors  in  those  topographic  sheets  as  originally 
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published.  Since  the  publication  of  those  maps  there  have  been 
some  changes  in  the  lay-out  of  railroads  and  highways  in  different 
parts  of  the  state,  and  some  changes  in  town  boundaries.  The 
inter-urban  electric  railways  have  come  to  be  a  very  important 
feature  in  the  life  of  the  state.  It  was  hoped  that  we  might  be 
able  to  secure  from  the  United  States  Geological  Survey  a  more 
or  less  thorough  revision  of  the  plates  before  the  printing  of  the 
500  copies  which  it  was  proposed  to  purchase. 

It  appeared,  however,  on  correspondence  with  the  Director 
of  the  United  States  Geological  Survey  that  such  revision  would 
be  impracticable.  The  state  of  the  case  is  set  forth  in  the  follow- 
ing extract  from  the  letter  of  George  Otis  Smith,  Ph.D.,  Director 
of  the  United  States  Geological  Survey :  — 

"  The  whole  proposition  would  be  altogether  desirable,  pro- 
vided we  had  the  means  with  which  to  carry  it  out.  There  is 
need  of  some  legislation  whereby  the  Engraving  Division  of  the 
Survey  may  furnish  any  State  Survey  with  reprints  of  our  maps 
in  whatever  form  desired,  at  actual  cost;  but  under  the  present 
statute,  while  such  outside  work  is  permissible,  it  is  not  prac- 
ticable, inasmuch  as  all  work  of  this  kind  reduces  just  so  much 
the  new  work  of  engraving  and  printing.  When  over  60  per 
cent,  of  the  area  of  the  United  States  is  without  any  topographic 
map,  I  hesitate  to  expend  much  money  in  bringing  up  to  date 
the  sheets  earlier  issued*  by  the  Survey.  I  think  you  will  not 
fail  to  appreciate  my  feeling  that  additional  work  in  Connecticut, 
which  has  been  completely  mapped,  must  take  second  place  to 
mapping  work  in  Mississippi,  of  which  only  2  per  cent,  has  been 
covered." 

It  appears,  accordingly,  that  any  revision  of  the  topographic 
sheets  is  out  of  the  question  until  some  new  legislation  on  the 
part  of  Congress  may  make  it  possible  for  a  revision  of  the  old 
topographic  maps  to  be  made  by  some  form  of  cooperation  be- 
tween the  national  and  the  state  authorities.  In  the  meanwhile, 
it  appears  that  there  remains  at  present  in  the  office  of  the  State 
Librarian  a  small  supply  of  unbound  copies  of  the  topographical 
sheets  of  the  special  uniform  edition  printed  for  the  state  in  1893. 
It  seems  therefore  the  wisest  plan  simply  to  bind  up  250  copies  of 
the  sheets  now  on  hand.  This  number  of  bound  atlases  will  meet 
any  demand  which  may  reasonably  be  expected  for  the  next  few 
years.    In  case  the  supply  of  any  particular  sheet  in  the  office  of 
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the  State  Librarian  should  be  exhausted,  additional  copies  can 
from  time  to  time  be  obtained  from  the  Director  of  the  United 
States  Geological  Survey,  under  the  ordinary  terms  of  sale,  with- 
out any  special  arrangement.  Such  copies  will  not  be  quite  uni- 
form in  style  with  the  state  edition,  but  for  purchasers  of  separate 
sheets  the  lack  of  uniformity  will  not  be  objectionable. 

The  binding  of  250  copies  of  the  sheets  now  on  hand  will, 
of  course,  require  the  expenditure  of  only  a  small  part  of  the 
$1,000  appropriated  for  the  purpose  of  the  topographic  atlas, 
and  the  remainder  of  the  amount  can  be  returned  into  the  treas- 
ury of  the  state. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


General  Index  to  Volume  II. 


Numbers  of  bulletins  are  Roman  numerals;  numbers  of 
pages  Arabic.  Bulletin  numbers  without  page  numbers  are 
given  for  authors  and  subjects  of  bulletins. 


Acadian    Triassic    area,    vi,    16a, 

216. 
Acaulon,  xi,  88,  108. 
Acrocarpi,  xi,  87. 
Acrocladium,  xi,  94,  167. 
Acrogens,  Triassic,  vi,  170. 
Actinolite,  vi,  61,  113,  131. 
Adams,  S.  W.,  vii,  16. 
Agassiz,   L.   J.    R.,   vi,  233,   234, 

viii,  II. 
Age   of   strata,  how    determined, 

vi.  179. 
Agriculture,     effect     of     Glacial 

period  upon,  vi,  37,  255. 
Akerly,  Samuel,  viii,  11. 
Alabama,  absence  of  lakes  in,  vi, 

225. 
Albite,  in  mica  schist,  vi,  64. 
Algae   of   Fresh  Waters  of   Con- 
necticut, X. 
Allanite,  vi,  155. 
Alpine  glaciers,  former  extension 

of,  vi,  234. 
Amblygonite,  vi,  73. 
Amblystegiella,  xi,  95,  154. 
Ammosaurus,  ^  vi,   174. 
Amphibia,  Triassic,  vi,  172. 
Amphibole,   relation  oif,  to  schis- 

tosity,  vi,  54. 
Amphibolite,  vi,  98,  100,  108,  iii, 

112,  124,  125,  128,  130,  141, 

143,  145,  146,  155. 
Amphithrix,  x,   15. 
Amphoridium,  xi,  112. 
Amygdaloid,  vi,  185. 

in     contemporaneous     sheets^ 

vi,  188. 


Anchisauripus,  vi,  175,  176. 
Anchisaurus,  vi,  173,  174,  175. 
Ancylonema,  x,  57. 
Andalusite,  vi,  59. 
Andesine  in  trap,  vi,  183. 
Andover,   Connecticut,  vi,    140. 
Andrexa,  xi,  86. 
Andreaeaceae,  xi,  86. 
Andreaeales,  xi,  22,  86. 
Andrews  Hill,  vi,  96. 
Aneura,  xi,  44. 
Anhydrite,  vi,  185. 
Anisichnus,  vi,  177. 
Anisopus,  vi,  177. 
Ankistrodesmus.  x,  34,  35. 
Ancectangium,  xi,  90,  112. 
Anomodon,  xi,  92,  137. 
Anoplophora,  vi,   171. 
Anorthite  in  trap,  vi,  183. 
Anterior  trap  sheet,  vi,  186. 
Anthoceros,  xi,  75. 
Anthocerotaceae,  xi,  75. 
Anthocerotales,  xi,  18,  75. 
Anthophyllite,  vi,  113. 
Anthophyllitic  formation,  vi,   143, 
Anticlinorium,  vi,  217. 
Apatite,  vi,   73,  92,  94,   no,  117, 

143,  144,  146,  147,  183. 
Aphanocapsa,  x,  12,  13. 
Aphanochaete,  x,  50. 
Aphanorrhegma,  xi,  91,  117. 
Aphanothece,  x,  13. 
Apiocystis,  x,  30. 
Aplanospores,  x,  39. 
Aplite,  vi,  105,  134. 
Appalachian  Mountains,  vi,  24,  79. 
Appleton,  Nathan,  vi,  232. 
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Archidiaceae,  xi,  95. 
Archidium,  xi,  87,  95. 
Archilejeunea,  xi,  72. 
Arnold's  Station,  vi,  125. 
Arthrodesmus,  x,  $%  63. 
Arthrosiphon,  x,  22. 
Arthrospira,  x.  18,  2a 
Ashbed,  Meriden,  vi,  192. 
Ashford,  vi,  126,  127,  140. 
Asphaltum,     in     amjrgdaloid,     vi, 

18s. 

Asterella,  xi,  40^  41. 

Astomum,  xi,  87,  106. 

Atmosphere,  geological  action  of, 
vi,  226. 

Atrichum,  xi,  173. 

Augen-gneiss,  vi,  109,  117,  119. 

Augite,    alteration    of,    to    horn- 
blende, vi,  58. 
in  trap,  vi,  183. 

Aulacomniaceae,  xi,  125. 

Aulacomnium,  xi,  90,  125. 

Austin,  C.  F.,  xi,  iS. 

Autocolonies,  x,  31. 

Autospores,  x,  31. 

Autunite,  vi.  73. 

Avon,-    Conr.ecticut,    vi,    17,    105, 
186,   192,  246,  253. 

Bacillariae,  x,  9,  24. 

Bacon,  J.  W.,  vii,  17. 

Baileyville,  vi,  195. 

Bakersville,  vi,  112,  113. 

Bambusina,  x,  65. 

Bantam  Lake,  vi,  62,  86. 

Barack  M'Teth.  vi,  93. 

Barbour,  E.  H.,  viii,  11. 

Barboursville    Triassic    area,    vi, 
162,  163. 

Barbula,  xi,  89,  108. 

Barite  veins  in  Triassic,  vi,  196. 

Barkhamsted,  vi,  75,  96,  97,  113, 

253f  254- 
Barnes  Hill,  vi,  133. 
Barrack  Mountain,  vi,  86. 
Barrell,  Joseph,  ix,  12,  xii,  12. 
Bartramia,  xi,  90,  127. 
Bartramiacese,  xi,  126. 
Basalt,  vi,  184. 
Bathyliths,  vi,  136,  154. 
Batrachopus,  vi,  177. 
Batrachospermum.  x,  73. 
Bay  Mountain,  vi,  153. 
Bazzania,  xi,  48,  64. 
Beacon  Falls,  vi,  96. 
Beacon  Hill,  vi,  96. 
Bear  Hill,  vi,  143. 
Bear  Mountain,  vi,  74,  91. 
Becket,   Massachusetts,   vi,  93. 


Becket  gneiss,  vi,  86,  92,  93,  vii, 

33- 
Becket  granite,  vi,  68u 
Bedbug  granite,  vi.  155. 
Benjamin,  H.  W.,  viii,  11. 
Berkshire   schist,   vi,   86,   91,   96, 

III,  114,  vii,  33. 
Berlin,  Connecticut,  vi,  212,  245, 

257. 
Beryl,  vi,  73,  95,  in. 
Besock  Mountain,  vi,  31. 
Bethany,   G>nnecticut,  vi,   17,  96. 

lOI. 

Bethel,  Connecticut,  vi,  108. 

Bethlehem,  Connecticut,  vi,  97, 
III. 

Bibliography  of  Geology  of  Con> 
necticut,  viii. 

Biotite,  derived  from  feldspar  in 
metamorphism,   vi,   5& 

Birds,  probably  wanting  in  Trias- 
sic fauna,  vi,  25,  178. 

Birmingham,  Connecticut,  vi,  108. 

Bishop,  L.  B.,  ix,  14,  xii,  18. 

Bismutite,  vi,  73. 

Bituminous  shale,  vi,  165. 

Black  Hall,  vi,  152. 

Blake,  W.  P.,  viii,  11,  71. 

Blasia,  xi,  43,  46. 

Blepharostoma,  xi,  48,  66. 

Blepharozia,  xi,  66. 

Bogs,  history  of,  vi,  249. 

Bolton,   vi,  45,  75,   120,   121,   122, 

123. 
Bolton  Notch,  vi,  45,  120,  122. 
Bolton  schist,  vi,  S4»  59.  "4.  120^ 

vii,  35.  ^ 
Bomite.  vi,  196. 
Botrydiacex,  x,  24. 
Botrydina,  x,  29. 
Botrydium,  x,  25. 
Botryococcus,  x,  32. 
Bowlders,  vi,  225,  229,  24a 
Bowman,  H.  L.,  viii,  12. 
Box  Mountain,  vi,  75. 
Bozrah,  Connecticut,  vi,  I2p,  141. 
Brace,  J.  P.,  viii,  12. 
Brachythecium,  xi,  94,  143. 
Bradley,  F.  H.,  viii.  71. 
Branchiopods,   Triassic,   vi,   171. 
Branchville,  vi,  72. 
Branford.  vi,  17,  146,  147,  l^,  156. 
Branford    granite-gneiss,    vi,    114, 

146,  vii,  38. 
Brewer,  W.  H.,  vii,  17. 
Bridgewater,  Connecticut,  vi,  97. 
Brimfield  sdiist,  vi,  49,   114,   126, 

141.  vii,  35. 
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Bristol,  Connecticut,  vi,  17,  55, 
104,  196,  215,  216,  259. 

Bristol  granite,  vi,  68. 

Bristol  granite-gneiss,  vi,  104,  vii, 
34. 

British   Islands,  glaciation  of,  vi, 

234. 

Britton,  E.  G.,  xi,  6. 

Britton,  W.  E.,  ix,  14,  xii,  12,  19. 

Brongniart,  Alexandre,  viii,  12. 

Brontozoum,  vi,  175,  176. 

Brook.  See  names  of  particular 
brooks. 

Brookfield,  Connecticut,  vi,  88,  107. 

Brookfield  diorite,  vi,  107,  vii,  34. 

Brookl3m,  Connecticut,  vi,  142. 

Bruchia,  xi,  87,  95. 

Brush,  G.  J.,  viii,  12. 

Bryaceae,  xi,  117. 

Bryales,  xi,  22,  87. 

Bryhnia,  xi,  148. 

Bryology,  history  of,  in  Connecti- 
cut, xi,  25. 

Bryophytes,    distribution   of,   in 
Connecticut,  xi,  30. 
economic  value  oJf,  xi,  35. 
general  characteristics  of,  xi, 

9^ 
Bryophytes  of  Connecticut,  xi. 
Bryum,  xi,  90,  119. 
Buckwheat  Hill,  vi,  243. 
Bulkeley,  M.  G..  vii,  16. 
Burlington,    Connecticut,    vi,    17, 

96,246. 
Burr,  H.  T.,  viii,  13. 
Burrville,  vi,  254. 
Buxbaumia,  xi,  91,  172. 
Buxbaumiaceae,  xi,  172. 
Calamites,  vi,  171. 
Calcite,  in  amygdaloid,  vi,  185. 

in  metamorphic  rock,  vi,  58. 
Calliergon,  xi,  93,  166. 
Calocylindrus,  x,  63. 
Calothrix,  x,  15,  16. 
Calypogeia,  xi,  47,  48,  62. 
Cambrian  era,  geography  of,  vi, 

77' 
Camptothecium,  xi,  94,  142. 
Camptotrichaceae,  x,  16. 
Campylopus,  xi.  102. 
Canaan,  Connecticut,  vi,  58,  61,  86. 

87.  88,  89,  90,  91. 
Canaanite,  vi,  90. 
Candlewood  Mountain,  vi,  109. 
Canterbury     granite-gneiss,     vi, 

115,  136,  142,  vii,  37- 
Canton,  Connecticut,  vi,  17,  96,  105, 

106,  112,  246. 


Carbon  dioxide,  climatic  effect  of, 

vi,  34. 
Cardot,  J.,  xi,  6. 
Carmel,  Mount,  vi,  186,  194. 
Catharinea,  xi,  91,  172. 
Central   Lowland  of  Connecticut, 

vi.  17. 
drainage  of.  vi,  219. 
rocks  of,  vi,  20,  157. 
Cephalozia,  xi,  48,  59. 
Cephaloziella,  xi,  48,  61. 
Ceratodon,  xi,  89,  97. 
Chabazite.  vi,  73. 
Chaetomorpha,  x,  54. 
Chaetophoraceae,  x,  44,  46. 
Chaetophorales,  x,  27,  44. 
Chaetosphseridiaceae,  x,  44,  50. 
Chaetosphaeridium,  x,  50. 
Chalcocite.  vi,  196. 
Chalcopyrite,  vi,  104,  iii,  142. 
Chamaesiphoniaceae.  x,  14. 
Chamberlin,  T.  C,  vi,  34. 
Chantransia,  x,  73. 
Chapin,  A.  B.,  viii,  13. 
Chapin,  J.  H.,  vii,  17,  viii,  13,  71. 
Chaplin,  vi,  127. 
Chara.  x.  9,  69. 
Characeae,  x,  9,  68. 
Characiaceae,  x.  28.  39. 
Characium,  x,  39. 
Chatham,  Connecticut,  vi,  29,  73, 

75.  120,  121,  123,  140,  145. 
Chauncy  Peak,  vi,  208. 
Cheshire,  Connecticut,  vi,  17,  102, 

186,  190,  192,  194,  196,  211, 

246,  253. 
Cheshire  quartzite,  vi,  87. 
Chestnut  Mountain,  vi,  12a 
Chiloscyphus,  xi,  47,  58. 
Chlamydococcus,  x,  43. 
Chlamydomonadeae,  x,  42. 
Chlamydomonas,  x,  42. 
Chlorite,  vi,  97,  99.  102,  104,  105, 

106.  107,  120. 
derived      from      feldspar     in 

metamorphism,  vi,  58. 
in  amygdaloid,  vi,  185. 
Chlorite  schist,  vi,  100. 
Chlorobotrys,  x.  25,  26. 
Chlorococcus,  x,  29.  38. 
Chlorophyceae,  x,  9,  26. 
Chlorosphaera.  x,  33. 
Choaspis,  x,  66.  67. 
Chondrodite,  vi,  90. 
Chroococcaceae,  x,  11. 
Chroococcus,  x,  12,  14. 
Chroolepus,  x,  45. 
Chrysob 
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Chrysohypnum,  xi,  94,  95,  158. 
Chrysolite,  vi.  183. 
Qirysotile,  vi,  113. 
Cirriphyllum,  xi,  93,  147. 
Gadophora,  x,  54. 
Cladophoraceae,  x,  53. 
Gaopodium,  xi,  02,  140. 
Garkc.  F.  W.,  vii.  23. 
Gathrocystis,  x,  13. 
Gay  beds,  vi,  245,  257. 
Geavap,  vi,  52. 
Gimacium,  xi,  92,  17a 
Ginochlore,  vi,  90. 
Clinton,  Connecticut,  vi,  147, 

15a 
Ginton,  G.  P.,  ix,  9^  14,  xii,  18. 
Closterium,  x,  58,  60. 
Coal,  Triassic,  vi,  165. 
Coast  Range  of  California,  vi,  5a 
Cobalt,    Connecticut,   vi,   62,    120, 

121. 
Cobalt  Mountain.    See  Great  Hill. 
Coccogoneae,  x,  11. 
Cochrane,  H.  E.,  viii,  13. 
Coe,  W.  R.,  ix,  IS.  xii,  19. 
Ccelastrese,  x,  31,  36. 
Coelastrum,  x,  36. 
Coelosp^aerium,  x,  12,  13. 
Coenobia,  x,  27,  31. 
Colchester,  vi,  140,  141,  142. 
Colebrook,  vi,  88,  93,  254. 
Coleochxta,  x,  51. 
Coleochxtacex,  x,  44,  5a 
Collins  Hill,  vi,  119. 
Collinsville,  vi,  105,  106,  112,  246. 
Collinsville  granite,  vi,  68. 
Collinsville  granite-gneiss,  vi,  105, 

vii.  34. 
Cololejeunea,  xi,  49,  71. 
Columbite,  vi,  73. 
Columnar  structure,  vi,  185. 
Commerce,  effect  of  Glacial  period 

on,  vi,  38. 
Compounce  Pond,  vi,  247. 
Conferva,  x,  25. 
Congamuck  Ponds,  vi,  25^. 
Conglomerate,  Triassic,  vi,  164. 
Conifers,  Triassic,  vi,  171. 
Conjugata,  x,  9,  27,  55- 
Conjugation,  x.  9. 
Conn,  H.  W.,  ix,  9,  14,  x,  xii,  9, 

18, 
Connecticut,      Algae      of      Fresh 

Waters  of,  x. 
Bryophytes  of,  xi. 
directions  of  glacial  striae  in, 

vi,  239. 
drainage  of,  abnormal,  vi,  251. 


Connecticut,  first  Geological  Sur- 
vey of,  vii,  9. 

Geological  and  Natural  His- 
tory Survey  of,  vii,  21,  ix, 
xii. 

geography  of,  in  MesozoiCy 
vi,  24. 

Geological  Map  of,  vii. 

Manual  of  Geology  of,  vi. 

number  of  lakes  in,  vi,  226* 
247. 

outline  of  geology  of,  vii,  7. 

physical  geography  of,  vi, 
15. 

rainfall  in,  vi,  258. 

summary  of  geological  for- 
mations in,  vii,  33. 

Topographical  Survey  of,  vii, 
16. 

water  su^ly  of,  vi,  257. 
Connecticut  Botanical  Society,  ix, 

13.  xii,  12. 
Connecticut  geology.  Bibliography 
of,  viii. 

history  of,  vii,  9. 

problems  of,  vi,  6. 
Connecticut  River,  vi,  18,  30,  35. 

lower   course   of,    consequent 
on  post-Triassic   uplift,  vi, 
220. 
Connecticut  Valley,  vi,  17,  18. 

formed  as  a  geosyncline,  vi, 
198. 

supposed  to  be  a  graben,  vi, 

215. 

Connecticut  Valley  Triassic  area, 
vi,  162,  216. 

Conocephalum,  xi,  40,  41. 

Conomitrium,  xi,  105. 

Contact  metamorphism,  vi,  46. 
affords    criterion     to    distin- 
ct sh  contemporaneous  and 
intrusive  sheets  of  igneous 
rock,  vi,  190. 

Contemporaneous    sheets    of    ig- 
neous rock,  vi,  188. 

Cookeite.  vi,  73. 

Cook's  Gap,  vi,  220. 

Cooper,  Thomas,  viii,  14. 

Copper,  native,  vi,  197. 

Copper  ores,  vi,  104,  196. 

Cornish,  R.  H.,  viii,  14. 

Cornwall,  Connecticut,  vi,  87,  88, 

91.  93,  95,  "3. 
Cosmaridium,  x,  63. 
Cosmarium,  x,  59,  63. 
Cosmocladium,  x,  59. 
Cotton  rock,  vi,  113. 
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Coventry,    Connecticut,    vi,     140^  Daytonville,  vi,  95. 

141.  Deane,  James,  viii,  ag. 

Craterospcrmum,  x,  68.  Deep  River,  Connecticut,  vi,  151. 

Cratoneuron,  xi,  94,  159.  Deep  River  Triassic  Area,  vi,  162, 
Cream  Hill,  vi,  62,  86,  95.  163,  216. 

Cretaceous,     may     have     existed  Deerfield,  Massachusetts,  vi,  187. 

formerly  in  Connecticut,  vi,*  Delaware,  absence  of  lakes  in,  vi, 

21^  225. 

Crocodilians,  Triassic,  vi,  172,  174,  Dendroidaceae,  xi,  170. 

177.  Denudation,  amount  of.   in   New 
Cromwell,  vi,  191.  England,  vi,  49. 

Crosby.  W.  O.,  vi,  24^3,  viii,  14,  71.  Derby,  Connecticut,  vi,  60,  70,  lor, 
Crossopterygians,  Triassic,  vi,  172.  102,  108,  113. 

Crucigeniex,  x,  31,  35.  Des  Cloiseaux,  A.  L.  O.,  viii,  29. 

Crustacea,  Triassic,  vi,  171.  Desmidiaceae,  x,  55,  56. 

Cryphaea,  xi,  92,  13a  Desmidium,  x,  60,  65. 

Cryphaeacese.  xi,  130.  Devonian  era,  geography  of,  vi,  78. 
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Drainage     of    Triassic    area    of 
Connecticut,  vi,  219. 

Drapamaldia,  x,  46,  47. 

Drepanocladus,  xi,  94,  167. 

Drift,  vi,  33. 

stratified,  vi,  34,  244. 
stratified,  analyses  of,  vi,  256. 

Drumlins,  vi,  33,  242. 

Drummondia,  xi,  89,  113. 

Dynamic   theory  of   structure   of 
Triassic,  vi,  2x6. 

Dysphinctium,  x,  63. 

East  Berlin,  vi,  212. 

East  Glastonbury,  vi,  70,  117,  119. 

East  Granby,  vi,  196. 

East   Haddam,  vi,   140,   141,   142, 
150. 

East  Hartland,  vi,  88,  247. 

East  Haven,  vi,  17,  146,  163,  186, 

192,  195. 
East   Killingly,  vi,    134. 
East  Lyme,  vi,  148,  149,  150. 
East  Rock,  vi,  44,  192. 
East  Winsted,  vi,  254. 
Eastern  Highland  of  Connecticut, 

vi,  17. 
geological    formations   of,   vi, 

114. 
Eastford,  vi,  127,  128,  140. 
Eastford    granite-gneiss,    vi,    115, 

127,  vii,  36. 
Eastman,  C.  R.,  vi,  162,  172,  xii, 

12. 
Eaton,  D.  C,  xi,  25. 
Eaton,  G.  R,  viii,  30. 
Eckel,  E.  C,  viii,  31. 
Eclogite  schist,  vi,  98. 
Economic  effects  of  Glacial  period, 

vi,  37,  225. 
Edge  wood,  vi,  196,  215. 
Edwards,  H.  W.,  vii,  10. 
Eggleston,  J.  W.,  viii,  31,  76. 
Ellington,  vi,   17. 
Ellis,  E.  E.,  vii,  26. 
Elodium,  xi,  92,  142. 
Emerson,  B.  K.,  vi,  98,  114,  116, 

126,  129,  160,  164,  167,  170, 

174,  192,  211,  viii,  31,  76. 
Emmons,   Ebenezer,   vi,    172,  viii, 

32. 
Encalypta,  xi,  no. 
Enfield,  Connecticut,  vi,  257. 
Enteromorpha,  x,  43. 
Entodon,  xi,  93,  132. 
Entodontacese,  xi,  132. 
Eons,  geologic,  vi,  22. 
Eosphorite,  vi,  73. 
Ephcmerum,  xi,  87,  116. 


Epidote,  vi,  59,  73,  106,  no,  112, 

116,  117,  118. 
derived    from    feldspar    and 

hornblende      in      metamor- 

phism,  vi,  58. 
Equiseta,  Triassic,  vi,  171. 
Eremosphaera,  x,  33. 
Erosion,  amount  of,  in  New  Eng- 
land, vi,  49. 
Erosion  by  rivers,  vi,  26. 
Eskers,  vi,  246. 

Essex,   Connecticut,   vi,   150,    151. 
Euastrum,  x,  59,  62. 
Eudorina,  x,  40,  41. 
Eudorinella,  x,  41. 
Eurynchium,  xi,  93,  148. 
Evans,  A.  W.,  ix,  13,  xi.  xii,  9. 
Evolution,   approximately   parallel 

in  different  areas,  vi,  i8a 
Fabroniaceae,  xi,  134. 
Fair  Haven,  vi,  46,  163. 
Fairfield,  vi,  168,  113. 
Fairfieldite,  vi,  73. 
Falls  Village,  vi,  87,  90. 
Farmington,  vi,  17,  107,  251,  253. 
Farmington  River,  vi,  17. 

history  of,  vi,  220,  251. 
Farmington-Quinnipiac  Valley,  vi, 

17. 
Farmville  Triassic  area,  vi,  162. 
Fault,  definition  of,  vi,  57. 
Fault  breccia,  vi,  203, 
Fault  cliffs,  no  longer  present  in 

Connecticut,  vi,  205. 
Faults,    a'bnormal    dips    produced 

by,  vi,  203. 
at  margin  of  Triassic,  vi,  164, 

213. 
dependence  of  railroad  routes 

upon,  vi,  209. 
direction    of,    in    Connecticut 

Valley,  vi,  211. 
dynamic  theory  of,  vi,  216. 
effect    of,    on    estimates    of 

thickness  of  strata,  vi,  201. 
evidence  of,  vi,  202. 
generally    have    upthrow    on 

east  in  Connecticut,  vi,  211, 

2ia 
generally    have    upthrow    on 

west  in  New  Jersey,  vi,  218. 
in  crystalline  rocks,  vi,  26,  56, 

2X0. 

in  Triassic,  vi,  26,  200. 

minor,  associated  with  princi- 
pal faults,  vi,  2X1. 

more  obvious  in  Triassic  than 
in  crystallines,  vi,  57,  210. 
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Faults,     most     definitely     located 

where    they    cut    the    trap 

sheets,  vi.  210. 
relation     of,     to     monoclinal 

flexures,  vi,  203. 
topographic  effect  of,   vi,  31, 

205. 
Faxon,  Edwin,  xi,  28. 
Feldspar,  alteration  of,  to  quartz 

and  mica,  vi,  S7t  ^3- 
in  metamorphic  rocks,  vi,  57. 
relation  of,  to  schistosity,  vi, 

54. 
Ferns,  Triassic,  vi,  171. 
Fibrolite.    See   Sillimanite. 
Fillowite,  vi,  73. 
Fimbriaria,  xi,  41. 
Fippin,  E.  O.,  viii,  32,  T7. 
Fishes,  Triassic,  vi,  172. 
Fissidens,  xi,  ^  91,  103. 
Fissidentacese,  xi,  103. 
Fissility,  vi,  55. 
Flagstone,  vi,  62. 
Flowage,  zone  of,  vi,  48. 
Fluorite,  vi,  yz- 
Foliation,  vi,  52. 

strike  of,  in   Connecticut,  vi, 

54. 
Folly  works  Brook,  vi,  131. 
Fontaine,  W.  M.,  vi,  162. 
Fontinalaceae,  xi,  128. 
Fontinalis,  xi,  91,  128. 
Footprints,  Triassic,  vi,  174. 
Ford.  W.  E.,  vi,  85,  147- 
Fordham  j^neiss,  vi,  86,  94. 
Forest,    Highland   areas  of   Con- 
necticut largely  covered  bv, 

vi.  18. 
Forestville,  vi,  216. 
Forsstroemia,  xi,  92,  131. 
Fossils,    as    criterion    of    age    of 

strata,  vi,  179. 
obliterated  by  metamorphism, 

vi.  45. 
Triassic,  vi,  170. 
Fracture,  zone  of,  vi,  47. 
Franklin,  Connecticut,  vi,  129,  141, 

142. 
Frazer,  Persifor,  viii,  32,  33. 
Fresh-water  Algae  of  Connecticut, 

X. 

Frullania,  xi,  49,  73. 
Fuller,  M.  L..  viii,  33. 
Funaria,  xi,  89,  117. 
Funariaceje,  xi,  116. 
Gabbro-diorite,  Preston,  vi,  74, 

IIS.  153.  vii,  38. 
Gahnite,  vi,  73. 


Gametes,  x,  9. 

Gannett,  Henry^  viii,  33. 

Ganoids,  Triassic,  vi,  172. 

Garnet,  vi,  59,  61,  65,  73*  92,  94, 
97,  98,  99.  loi,  102,  103, 
104,  106,  107,  108,  III,  120, 

121,  122,  126,  141,  143,  144, 
145,  146,  149.  150. 

Gaylord's  Mountain,  vi,  192. 
Gaylordsville,  vi,  88. 
Geanticlinal     uplift^     cause     of 
monoclinal    structures    in 
Triassic  areas,  vi,  217. 
post-Triassic,  vi,  217 
Tertiary,  vi,  219. 
Genicularia,  x,  57. 
Geocalyx,  xi,  48,  59. 
Geological  and  Natural  History 
Survey     of     Connecticut, 
vii,  21,  ix,  xii. 
Geological  Map  of  Connecticut, 

vii. 
Geology    of    Connecticut.    Bib- 
liography of,  viii. 
Manual  of,  vi. 
Georgia,  xi,  172. 
Georgiaceae,  xi,   172. 
Giant  conglomerate,  vi,  164. 
Giant  g^ranite,  vi,  72. 
Gibb,  G.  E.,  viii,  33. 
Giffen,  T.  T.,  xii,  17. 
Glacial  deposits,  economic  rela- 
tions of,  vi,  255. 
Glacial  geology,  vi,  223. 
Glacial  period,  vi,  32,  223. 
cause  of,  vi,  34. 
economic  effects  of,  vi,  37, 

25s. 
history  of  opinions  regard- 
ing, vi,  230. 
Glaciation,  vi,  238. 
Glacier,     continental.       See     Ice 

sheet. 
Glaciers,   erosion   by,   vi,  236. 
geological  action  of,  vi,  234. 
transportation  by,  vi,  237. 
Glasgo,  Connecticut,  vi,  138,  139. 
Glastonbury,  Connecticut,  vi,  17, 
70,   7^*   73,    115.    116,    117, 

122,  145,  214,  246. 
Glastonbury  granite,  vi,  68. 
Glastonbury    granite-gneiss,    vi, 

114,  115.  vii,  35. 
Gloeocapsa,  x,  12,  13,  14. 
Gloeocystideae,  x,  28,  29. 
Gloeocystis,  x,  29. 
Gloeothece,  x,  12,  13. 
Gloeotrichia,  x,  14,  15,  16. 
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Glyphomitnum^  xi,  89,  no. 
Gneiss,  vi,  65.    See  also  Granite- 
gneiss,  Granodiorite- 

gneiss. 
Becket,   vi,   86,   92,  93,   vii, 

33. 
Fordham,  vi,  86.  94. 
Hebron,    vi,    115,    121,    122, 

140,  142,  vii,  37' 
hornblende,  vi,  68. 
igneous    and     sedimentary. 

how  distinguished,  vi,  68. 
Mamacoke,  W,  114,  150,  vii, 

38. 
mica,  vi,  67. 
Middletown,  vi,  115,  143,  vii, 

37- 
mosaic,  vi,  102. 
of  igneous  origin,  vi,  66. 
of  sedimentary  origin,  vi,  66. 
porphyritic,  vi,  59,  102. 
Frospect  porphyritic,  vi,  59, 

102,  vii,  34. 
Putnam,    vi,    114.    129,    133, 

I34»   136,   140,  vii,  36. 
supposed    formerly    to    be 

always     sedimentary,    vi, 

67. 
Waterbury,  vi,  86,  100,  vii, 

Wilbraham,  vi,  116. 

Willimantic,  vi,  115,  140,  141, 
142,  vii,  36. 
Gneiss  and  schist,  gradation  be- 
tween, vi,  66. 
Gomphosphaeria,  x,  12,  13. 
Gonatonema,  x,  68. 
Gonatozygon,  x,  57. 
Gongrosira,  x,  45. 
Gonium,  x,  40. 
Goshen,  Connecticut,  vi,  91,  93, 

109. 
Graben,  vi,  215. 
Granby,  vi,  17,  96,  97,  186,  192. 
Granite,  vi.  83.    See  also  Granite- 
gneiss. 

Becket,  vi,  68. 

bedburg,  vi.  155. 

Bristol,  vi,  68, 

Collinsville,  vi,  68, 

Glastonbury,  vi,  68. 

graphic,  vi.  in. 

Millstone  Point,  vi,  152,  154. 

Monson,  vi,  68. 

supposed   metamorphic  ori- 
gin of,  vi,  67. 

Waterford,  vi,  152,  154. 

weathering  of,  vi,  227. 


Granite,    Westerly,   vi,    115,    136^ 

152,  154. 
Granite  areas  in  Connecticut,  vi, 
70. 
small  size  of,  vi,  83. 
Granite-gneiss,  vi,  67,  83. 

Branford,   vi,    114,   146,  vii, 

38. 
Bristol,  vi,  104,  vii,  34. 
Canterbury,     vi,     115,     136, 

142,  vii,  37. 
Collinsville,  vi,  105,  vii,  3^ 
Eastford,  vi,  115,  127,  vii,  36. 
Glastonbury,  vi,  114,  115,  vii, 

35. 
Haddam,  vi,   115,   143,   145, 

vii,  37- 
Lyme,  vi,  115,  148,  152.  vii, 

38. 
Maromas,  vi,  115,  119,  143, 

vii,  37. 
Monson,  vi,  114,  124,  vii,  35. 
New   London,  vi,   115,   149, 
,  152,  vii,  38. 

Sterling,    vi,    115,    129,    131, 

132,  133,  134,  137,  152,  154, 
ISS,  vii,  36. 

Stony    Creek,    vi,    115,    147, 

152,  vii,  38. 
Thomaston.  vi.   109.  viij  3$. 

Granodiorite,  vi.  iii. 

Granodiorite-gneiss,      Danbury, 
Vi.  104,  108,  vii.  35. 

Granulite.    in    Maromas    granite- 
gneiss,  vi,  144, 

Graphic  granite,  vi,  iii. 

Graphite,   vi,  97,    120,    124,    126, 

127.  131. 
Great    Basin,    faulted    structure 

of.  compared  with  that  of 

Connecticut,  vi.  218. 
Great  Hill,  vi,  29,  62,  75,  120,  121, 

123. 
Greenwich,  Connecticut,  vi,  108, 

109. 
Gregory,  H.  E.,  vi,  vi,  85,  i6i, 

163,  170,  184,  216,  vii,  vii, 

25.  29,  viii,  viii.  33,  77,  ix, 

10,  13,  xii.  9,  16. 
Grimaldia,  xi,  40.  41. 
Grimmia,  xi,  89,  iii. 
Grimmiaceae,  xi,   no. 
Griswold,   Connecticut,   vi,    132, 

133,  135,  138,  139,  153. 
Griswold.  L.  S.,  i6o,  214,  vii,  24, 

viii.  34»  77' 
Groton,  vi.  136,  150.  151,  154. 
Ground  moraine,  vi.  242. 
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Guilford,  vi,  17,  120,  147,  150. 
Gulliver,  F.  P.,  ix,  la,  xii,  15. 
Gurlt,  A,,  viii,  34. 
Gymnosperms,  Triassic,  vi,  171. 
Gymnostomum,  xi,  106. 
Gymnozyga,  x,  60,  65. 
Gypsum  in  amygdaloid,  vi,  185. 
Haddam,  vi,  73,  125,  145,  146. 
Haddam  granite-gneiss,  vi,  115, 

143.  145,  vii,  37. 
Haddam  Neck,  vi,  73,  125. 
Hsmatococcus,  x,  43. 
Hall,  James,  viii,  35,  ^^, 
Hamden,  Connecticut,  vi,  196. 
Hampton,  Connecticut,  vi,   ia8, 

129,  142. 
Hanging  Hills,  vi,  20,  31,   199, 

2X1. 

Hann,  Julius,  vi,  34. 
Hapalosiphon,  x,  23. 
Haplite.    See  Aplite. 
Haplocaldium,  xi,  92,  139. 
Haplohymenium,  xi,  92,  136. 
Harbors,  vi,  37. 
Hard-pan,  vi,  242. 
Hariotina,  x,  36. 
Harpanthus,  xi,  48,  59. 
Hartford,  vi,  18,  34,  199,  216,  257. 
Hartland,  vi.  88,  93,  94,  96,  246. 
Hartland   schist,  vi,   59,  86,  94, 

95,96,  100,  114,  124,  vii,  33. 
Hassallia,  x,  23. 
Hawes,  G.  W.,  viii,  35. 
Hawleyville,  vi,  97,  107. 
Haycock  Point,  vi,  146,  147. 
Hazardville,  vi,  116. 
Hazen,  L.  W.,  x. 
Hebron,  vi,  140. 
Hebron  gneiss,  vi,  115,  121,  122, 

140,  142,  vii,  yj, 
Hebronite,  vi,  y^, 
Hedwigia,  xi,  90,  128. 
Hedwigiaceae,  xi,  128. 
Helminthocladiaceae,  x,  71,  72. 


Highlands  of  Connecticut,  rocks 

of,  vi,  21,  39. 
Hildenbrandtia,  x,  71. 
Hill.    See    names    of    particular 

hills. 
Hitchcock,    C.    H.,   viii,   35,   77- 
Hitchcock,  Edward,  vi,   160,   161, 

174,  233.  viii,  36.  78. 
Hoadley  Point,  vi,  148. 
Hobbs,  W.  H.,  vi,  7,  S6,  84,  86, 

88,  1X0,  III,  112,  160,  i6p, 

213,  215,  250,  vii,  24,  29,  vui, 

39r  7& 

Holden,  Isaac,  x,  6. 

Homalia,  xi,  93,  132. 

Honialothecium,  xi,  93,  134. 

Holyoke,    Mount,    vi,    185,    187, 
X91,  192,  194,  195.  199- 

Hoosac  Mountain,  vi,  96. 

Hoosac  schist,  vi,  54>  86,  94,  95, 
96,  xoo,  1x4. 

Hormidium,  x,  44. 

Hormiscia,  x,  49. 

Hormococcus,  x,  49. 

Hormogoneae,  x,  10,  11,  14. 

Hormogones,  x,  10. 

Hornblende,  derived  from  alter- 
ation of  dolomite,  vi,  58. 
in    metamorphic    rocks,    vi, 
58. 

Hornblende  gneiss,  vi,  68. 

from  alteration  of  limestone, 
vi»  61. 

Hornblende  schist,  vi,  65. 

from     alteration     of     lime- 
stone, vi,  6i. 

Hornblendite,  vi,  112. 

Horr,  Mount,  vi,  105. 

Horse  Hill,  vi,  150. 

Housatonic  River,  vi,  88,  89. 

Housatonic  Valley,  vi,  23,  31. 

Hovey,  E.  O.,  vi,  160,  viii,  41,  81. 

Hubbard,  O.  P.,  viii,  42. 

Hudson  schist,  vi,  86,  91,  98. 
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Hypersthenite,  vi,  112. 

Hyphaeothrix,  x,  19,  20. 

Hypnaceae,  xi,  142. 

Hypnum,  xi,  94,  166. 

Ice  and  water,  geological  action  of, 

contrasted,  vi,  236. 
Ice  sheet  of  Glacial  period,  area  of, 

vi,  230. 
work   of,   in   Connecticut,  vi, 

238. 
Icebergs,  supposed  agency  of,  in 

relation  to  drift,  vi,  233. 
Iceland,   fissure   eruptions   in,   vi, 

194. 
Ichthyocercus,  x,  58. 
Igneous  and  sedimentary  gneisses 

and     schists,     how     distin- 
guished, vi,  68. 
Igneous  intrusions  in  metamorphic 

rock,  vi,  55.  67,  69. 
Igneous  rocks,  vi,  43. 
Inactis,  x,  20. 
Indian  Mountain,  vi,  91. 
Indian  Neck,  vi,  147. 
Infiltration  in  metamorphic  rock, 

vi.  5S,  69. 
Insects,  Triassic,  vi,  172. 
Intrusive  sheets  of  igneous  rock, 

vi.  187. 
Intrusive  traps,  age  of,  vi,  193. 
Invertebrates,  marine,  afford  best 

criterion   of  age  of  strata, 

vi,  181. 
Triassic,  vi,  171. 
lolite,  vi,  73. 
Iron,  native,  vi,  183. 
Iron  ores,  vi,  89,  127. 
Isactis,  X,  15,  16. 
Isopterygium.  xi,  94,  151. 
Jackson,  C  T.,  viii,  43. 
Jamesoniella,  xi,  47,  52. 
Jason's  teeth,  vi,  90. 
Job's  Pond,  vi,  122. 
Johnston,  John,  viii,  43. 
Joints,  vi,  56. 
Jordan  Village,  vi,  149. 

{ubula.  xi,  49,  72. 
udges'  Cave,  vi,  241. 
Julien,  A.  A.,  viii,  44. 
Jungermannia,  xi,  47,  51. 
Jungermanniacex,  xi,  47. 
Jungermanniales,  xi,  15,  43. 
Jura-Trias,  vi,  182. 
Karnes,  vi,  245. 
Kansas,   absence  of  lakes  in,  vi, 

225. 
Kantia,  xi,  63. 
Kaolinite,  vi,  54,  63,  257. 


Kemp.  J.  F.,  vi,  139,  154,  vni,  44. 

Kent,  vi,  86,  91. 

Kentucky,  absence  of  lakes  in,  vi, 

225. 

Keratophyre,  vi,  195. 

Kerr,  W.  C,  vi,  169. 

Kettle-holes,  vi,  37,  247. 

Keuper,  vi,  182. 

Killebrew,  J.  B.,  viii,  44. 

Killingly,  vi,  132,  134- 

Killinite,  vi,  73. 

Kimball,  H.  H.,  viii,  44. 

Kirchneriella,  x,  34. 

Knowlton,  F.  H.,  viii,  44. 

Koons,  B.  F.,  viii,  45. 

Kiimmel.  H.  B.,  vi,  160,  161,  164, 
169,  193.  219,  222,  viii,  45. 

La  M^therie,  J.  C.  de,  viii,  45. 

Labradiorite,  vi,  100. 

Labradorite,  in  chlorite  schist,  vi, 
100. 
in  norite,  vi,  iii. 
in  trap,  vi,  183. 

Lake.  See  names  of  particular 
lakes. 

Lake  Superior  region,  analogous 
in  geological  structure  with 
Connecticut  Valley,  vi,  197. 

Lakes,  abundance  of,  in  north- 
eastern   United    States,    vi, 

225,  249. 

contained  in  rock  basins,  vi, 

249. 
conversion    of,    into    swamps, 

vi,  248. 
destruction   of,  by  rivers,  vi, 

37,  248. 
geologically     short-lived,     vi, 

37»  248. 
number  of,  filled  or  drained, 

in  Connecticut,  vi,  250. 
number  of,  in  Connecticut,  vi, 

226,  247. 

relation  of,  to  Glacial  period, 

vi,  37,  248. 
Lambert  Mountain,  vi,  153. 
Lamentation  Mountain,  vi,  31,  208, 

211. 
Lamination,  oblique,  vi,  166. 
Lantern  Hill,  vi,  75,  133,  136,  I37» 

139.  15s. 
Lantern  Hill  quartz  rock,  vi,  136. 
Lebanon,  vi,  140. 

Ledyard.  vi,  134,  135,  150,  151,  153. 
Lee,  C.  A.,  viii,  45. 
Leesville,  vi,  155. 
Leibleinia,  x,  19. 
Lejeunea,  xi,  49,  72. 


Digitized  by 


Google 


INDEX  TO  VOL.   II. 


II 


Lemanea,  x,  72. 
Lemaneaceae,  x,  71. 
Lemmermannia,  x,  36. 
Lepidolite,  vi,  7$. 
Lepidosteoids,  Triassic,  vi,  172. 
Lepidozia,  xi,  48,  65. 
Leptobryum,  xi,  90,  117. 
Leptodon,  xi,  131. 
Leptosira,  x,  45,  46. 
Leptothrix,  x,  19. 
Leptotrichum,  xi,  07. 
Leskea,  xi,  92,  158. 
Leskeaceae,  xi,  135. 
Leucobryaceae,  xi,  102. 
Leucobryum,  xi,  88,  102. 
Leucodon,  xi,  91,  130. 
Leucodontacese,  xi,  130. 
Leucolejeunea,  xi,  49,  72. 
Leuronema,  x,  65. 
Lewis,  J.  v.,  vi.,  197,  198. 
Lherzolite,  vi,  112. 
Lighthouse  Point,  vi,  146,  147. 
Lignite,  vi,  166. 

Limestone,  alteration  of  to  amphi- 
bolite,  vi,  112. 

alteration    of    to    hornblende 
schist  and  gneiss,  vi,  61. 

in  Bolton  schist,  vi,  122. 

in  BrimReld  schist,  vi,  127. 

in  Orange  Phyllite,  vi,  loi. 

in  Putnam  gneiss,  vi,  129,  131. 

Stockbridge,  vi,  61,  86,  57,  93, 
vii,  33. 

Triassic,  vi,  166. 
Limnactis,  x,  16. 
Limonite,  vi,  127. 
Lindsley,  H.  W.,  viii,  46. 
Liochlsena.  xi,  51. 
Litchfield,  Connecticut,  vi,  97,  108, 

III,  1X2,  241. 
Litchfield  norite,  vi,  74,  11 1. 
Lithiophilitc,  vi,  73. 
Logan,  W.  E,,  viii,  81. 
Long  Hill,  vi,  88,  137,  138,  I39. 
Long  Island,  backbone  of,  vi,  242. 
Long  Island  Sound,  vi,  37. 
Loomis,  L  F.,  viii,  46. 
Loper,  S.  W.,  vi,  160,  165,  vii,  23, 

24,  viii,  46,  81. 
Lophocolea,  xi,  48,  57. 
Lophozia,  xi,  48,  52. 
Loughlin,  G.  R,  vi,  7,  85,  130,  132, 
257,  viii,  46,  82,  ix,  9,  12,  xii, 
12. 
Lowrey,  Thomas,  viii,  47. 
Lull,  R.  S.,  vi,  161,  17s,  177,  viii, 

47- 
Lunularia,  xi,  40,  42. 


Lyell,  Sir  Charles,  viii,  47. 
Lyman,  B.  S.,  viii,  48,  82. 
Lyme,  vi,  148,  149,  150,  151- 
Lyme  granite-gneiss,  vi,  115,  148, 

152,  vii,  38. 
Lyngbya,  x,  18,  19,  20. 
Lyngbyeae,  x,  17,  18. 
McGee,  W.  J.,  viii,  82. 
Madure,  William,  viii,  48,  82. 
Mad  River,  vi,  253. 
Madotheca,  xi,  71. 
Magnetism  of  trap  rock,  vi.  183. 
Magnetite,  vi,  73,  92,  94,  95.  106, 

107,  III.  120,  121,  135,  143. 

144,  147,  183. 
Main  sheet  of  trap,  vi,  186. 
Malachite,  vi,  196. 
Maltby  Lakes,  vi,  100. 
Mamacoke    gneiss,    vi,    114*    150, 

vii,  38. 
Mamacoke  Island,  vi,  152. 
Mammals,  Triassic,  vi,  178. 
Manchester,    Connecticut,    vi,    17, 

156,  163.  172,  214. 
Mansfield,    Connecticut,    vi,    127, 

14a 
Manual  of  Geology  of  Connecticut, 

vi. 
Manufactures,    effect    of    Glacial 

period  upon,  vi,  38. 
Marble,  vi,  61. 

Potomac,  vi,  165. 
Stockbridge,  vi,  87. 
Marbledale,  vi,  88. 
Marchantia,  xi,  40,  42. 
March  an  tiacese,  xi,  40. 
Marchantiales,  xi.  12,  38. 
Marcou,  Jules,  viii,  48,  49.  83. 
Marine  fossils,  most  valuable  for 

determination     of     age     of 

strata,  vi.  180. 
Markham,  F.  G.,  viii,  49. 
Marlboro,  vi,  140. 
Maromas,  vi,  70,  144. 
Maromas   granite-gneiss,   vi,    115, 

143,  vii,  37. 
Marsh.  O.  C.  vi,  174,  viii,  50. 
Marsupella,  xi,  49,  50. 
Martin.  D.  S.,  viii,  83. 
Maryland,  absence  of  lakes  in,  vi, 

225. 
Triassic  in.  vi,  163. 
Massachusetts,  Triassic  in,  vi,  160, 

162. 
Mastigobryum,  xi,  64. 
Mastigonema,  x,  t6. 
Mastigothrix,  x,  16. 
Mather.  W.  W.,  vii,  27,  viii,  51, 

83. 
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Matthew*  W.  D.,  viii,  52. 

Meanders  of  river,  vi,  38. 

Mease,  J.,  viii,  52. 

Meesia,  xi,  90,  126. 

Meesiaces,  xi,  126. 

Megadactylus,  vi,  174. 

Meriden,  vi,  20,  31,  184,  191,  192, 
203,  221.  229^  238,  243.  253. 

Merrill,  G.  P.,  viii,  52,  83. 

Meshomasick  Mountain,  vi,  123. 

Mesocarpeae,  x,  68. 

Mesocarpus,  x,  68. 

Mesotsnium,  x,  57. 

Metamorphic  rocks,  vi,  44. 
minerals  in,  vi,  57. 
structure  of,  vi,  51. 

Metamorphism,  vi,  44. 

affords    criterion    for    distin- 
guishing    contemporaneous 
and    .intrusive     sheets     of 
igneous  rock,  vi,  190. 
contact,  vi,  46. 

Metzgeria,  xi,  43,  45. 

Metzgeriaceae,  xi,  43. 

Mica,  origin  of,   in  metamorphic 
rocks,  vi,  54. 
relation  of,  to  schistosity,  vi, 
54. 

Mica  diorite,  vi,  112. 

Mica  gneiss,  vi,  67, 

Mica  schist,  vi,  64. 

Micrasterias,  x,  59,  63. 

Microcoleus,  x,  20. 

Microcystis,  x,  12,  13,  22. 

Microlite,  vi,  73. 

Micromitrium,  xi,  116. 

Microspora,  x,  49. 

Microsporales,  x,  27. 

Microthamnion,  x,  46,  47. 

Middle  Haddam,  vi,  145. 

Middlebury,  vi,  100. 

Middlefield,  vi.  195. 

Middletown,  vi,  17,  18,  25,  30,  34, 
70,  73.  7S>  120,  124,  143,  144, 
15s,  162,  212,  257. 

Middletown  gneiss,  vi,  115,  143, 
vii.  37. 

Milford,  vi,  45.  86,  100. 

Mil  ford  chlorite  schist,  vi,  100,  vii, 
34. 

Mill  River,  vi,  221,  253. 

Mill  Rock,  vi.  186. 

Milldale,  vi,  245,  257. 

Miller,  E.  C,  xii,  17. 

Miller,  S.  A.,  viii,  52. 

Millstone  Point  granite,  vi,  152, 
154. 

Mine  Hill,  vi,  no. 


Minerab,   in   metamorphic   rocka^ 

vi,  57. 
in  pegmatite,  vi,  73. 
Mniacex,  xi,  121. 
Mniobryum,  xi,  90,  118. 
Mnium,  xi,  90,  121. 
Mohawk  Brook,  vi,  253. 
Mollusks,  Triassic,  vi,  171. 
Monazite,  vi,  73, 
Monoclinal  flexures,  vi,  203. 
Monoclinal    structure   in   Triassic 

areas,  vi,  216. 
Monotremes,  vi,  179. 
Monroe,  vi,  108. 
Monson,  Massachusetts,  vi,  124. 
Monson  granite,  vi,  68. 
Monson    granite-gneiss,    vi,     114, 

124,  vii,  35. 
Montville,  vi,  134,  150,  151,  241. 
Moodus,  vi,  140^  141. 
Moosup,  vi,  130. 
Moraine,  ground,  vi,  242. 
Mormolucoides,  vi,  172. 
Morris,  vi,  62,  86,  87,  10& 
Mosaic  gneiss,  vi,  102. 
Mougeotia,  x,  68. 
Mount  or  mountain.    See  natnes 

of  particular  mountains. 
Mountains,  degradation  o^  vi,  24. 
Muck,  vi,  249. 
Mud-cracks,  vi,  167. 
Musci,  xi,  76. 
Muscovite,  derived  from  feldspar 

in  metamorphism,  vi,  57. 
Mylia,  xi,  47,  56. 
Mystic,  vi,  154. 
Myurella,  xi,  92,  136. 
Myxonema,  x,  46,  47. 
Myxophyccse,  x,  9,  10. 
Nardia,  xi,  47,  50. 
Natrophilite,  vi,  73, 
Naugatuck,  vi,  96,  100. 
Naugatuck  River,  vi,  254. 
Neckera,  xi,  91,  131. 
Neckeraceae,  xi,  131. 
Nemalionales,  x,  71. 
Nepaug  Valley,  vi,  246. 
Nephrocytium,  x,  33. 
Netrium,  x,  57,  58. 
New  Britain,  vi,  220,  243. 
New  Brunswick,  Triassic  in,  vi, 

162. 
New  Canaan,  vi,  109. 
New    England,    geography    oft 

vi,  18. 
peneplain  of  southern,  vi,  28. 
Tertiary  uplift  of,  vi,  29,  219. 
New  Fairfield,  vi,  108. 
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New  Hartford,  vi,  75.  94,  95,  96, 

97.  253. 
New  Haven,  vi,  I7,   18,  25,  44, 

163,  18s,  186,  189,  192,  196, 

216,  241,  247. 
New    Jersey,    structure    of    Tri- 

assic    in,    complementary 

to  that  in  Connecticut,  vi, 

218. 
traps  of,  vi,  193. 
Triassic  in,  161,  163. 
New  London,  vi,  149. 
New  London  granite-gneiss,  vi, 

"5,  149,  152.  vii,  38. 
New  Milford,  vi,  58,  73.  88,  93, 

107. 
New  Preston,  vi,  88,  90. 
New  York- Virginia  Triassic  area, 

vi,  162,  216. 
Newark  formation,  vi,  182. 
Newberry,  J.  S.,  vi,  161,  162,  169, 

vii,  23,  viii,  52. 
Newtown,  vi,  97,  107. 
Niantic,  Rhode  Island,  vi,  154. 
Nichols,  G.  E.,  ix,  13,  xi,  xii,  9. 
Nickel  ore,  vi,  iii. 
Niles,  W.  H.,  viii,  53. 
Noactiian       deluge,       supposed 

cause  of  the  drift,  vi,  231, 

233. 
Norfolk,  Connecticut,  vi,  91,  93, 

113. 
Norite,  Litchfield,  vi,  74,  iii. 
North  Branford,  vi,  17. 
North  Canaan,  vi,  86,  87,  88. 
North  Carolina,  Triassic  in,  vi, 

•    163. 
North  Haven,  vi,  43,  185,  245. 
North    Stonington,   vi,   75,    130, 

131.  132.  133,  135,  136.  137, 

138,  139,  150.  153. 
North  Woodstock,  vi,  128. 
Northford,  vi,  43. 
Norton,  Henry,  viii,  54. 
Norwalk,  vi,  93. 
Norwich,  vi,  129,  136. 
Nostoc,  x,  21. 
Nostocaceae,  x,  17,  20. 
Notothylas,  xi,  75. 
^Nova  Scotia,  Triassic  in,  vi,  162. 
Oblique  lamination,  vi,  166. 
Octodiceras,  xi,  88,  105. 
Odontoschisma,  xi,  47,  62. 
CEdogoniales,  x,  27,  51. 
CEdogonium,  x,  51,  52. 
Old  Lyme,  vi,  148,  150,  152. 
Old  Saybrook,  vi,  17.  25,  150. 
Olivine,  in  trap,  vi,  183. 


Onchonema,  x,  59,  65. 
Oncophorus,  xi,  88,  99. 
Oneco,  vi,  136. 
Oocardium,  x,  59. 
Oocystideae,  x,  31,  33. 
Oocystis,  X,  33. 
Ophiocytium,  x,  25,  26. 
Orange,  Connecticut,  vi,  17,  86, 

100,  loi,  113. 
Orange,  New  Jersey,  vi,  185. 
Orange  phyllite,  vi,  loi,  vii,  34. 
Ordovician    6ra,    geogn'aphy    of, 

vi,  78. 
Orogenic   movements,   date   of, 

in  eastern  North  America, 

vi,  23,  78. 
post-Carboniferous,  vi,  79. 
Orthotrichaceae,  xi,  112. 
Orthotrichum,  xi,  89,  90,  113. 
Oscillaria,  x,  19. 
Oscillatoria,  x,  18,  19,  20. 
Oscillatoriaceae,  x,  10,  17. 
Ostracoids,  Triassic,  vi,  171. 
Otter,  Peaks  of,  vi,  229. 
Oxford,  Connecticut,  vi,  96. 
Palaeoniscoids,  Triassic,  vi,  172. 
Pallavicinia,  xi,  43,  45. 
Palmella,  x,  30. 
Palmellacez,  x,  28. 
Palm  el  lex,  x,  29,  30. 
Palmellococcus,  x,  33,  34. 
Palmodactylon,  x,  30. 
Palmodictyon,  x,  29. 
Pandorina,  x,  40,  42. 
Parkville,  vi,  257. 
Pautipaug  Hill,  vi,  142. 
Peat  Bogs,  vi,  250. 
Pebbles,  glacial,  vi,  240. 
Pediastreae,  x,  37. 
Pediastrum,  x,  Z7' 
Pegmatite,  vi,  71,  no,  155. 

aqueo-igneous  origin  of,  72. 
minerals  in,  vi,  73 
topography  of,  vi,  75. 
Pellia,  xi,  43.  46. 
Pendleton  Hill,  vi,  133,  134. 
Peneplain     of     southern     New 

England,  vi,  28. 
Peneplains,  vi,  28. 
Penium,  x,  58,  60. 
Pennsylvania,     Triassic     in,     vi, 

163. 
Pequabuck  River,  vi,  221,  253. 
Pequabuck  Spring,  vi,  259. 
Percival,  J.   G.,  vi,  85,    143.   151. 

156,  I59»  167,  170,  186,  232, 

vii,  II,  30,  viii,  54,  83. 
Peridotite,  vi,  112. 
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Perry,  John  B.,  viii,  55. 
Perry,  Joseph  H.,  vi,  114,  lag. 
Petalonema,  x,  22. 
Petros   (C  A-  Lee),  viii,  55,  84. 
Phaeophyccae,  x,  9. 
Phascum,  xi,  88,  108. 
Phcnocrysts,  vi,  59. 
Philonotis,  xi,  90,  127. 
Phlogopite,  vi,  90. 
Phormidium,  x,  18,  19. 
Phragmicoma,  xi,  72. 
Phycocyanin,  x,  9. 
Phycocrythrin,  x,  10. 
Phycophaein,  x,  9. 
Phyllite,  vi,  63. 

Orange,  vi,  loi,  vii,  34. 

Pomfret,  vi,  114,  129. 

Worcester,   vi,   114,   129. 
Phymatodocis,  x,  59. 
Physcomitrium,  xi,  91,  117. 
Physical   geography   of  Connecti- 
cut, vi,  15. 
Phythelieae,  x,  31,  36. 
Pierce,  James,  viii,  55. 
Pilinia,  x,  45. 
Pine  Meadow,  vi,  253. 
Pine  Orchard,  vi,  146. 
Pine  Rock,  vi,  186. 
Pithophora,  x,  53. 
Placodermac,  x,  56,  58. 
Plagiochila,  xi,  47,  ^6. 
Plagiopus,  xi,  90,  126. 
Plagiospermum,  x,  68. 
Plagiothecium,   xi,   94,    152. 
Plainfield,  vi,  62,   130,   132,   133, 

245. 
Plainfield  quartz  schist,  vi,  114, 

132,  vii,  36. 
Plainville,  vi,  220,  245,  253. 
Planogametes,  x,  30. 
Platygyrium.  xi,  93,  132. 
Pleasant  Valley,  vi,  113,  253. 
Plectonema,  x,  18,  19. 
Pleuridium,  xi,  87,  96. 
Pleurocarpi,  xi,  87,  91. 
Pleurococcacese,  x,  iiS,  38. 
Pleurococcus,  x,  38. 
Pleurotaeniopsis,  x,  63. 
Pleurotaenium,  x,  58,  61. 
Plymouth,    Connecticut,   vi,    75, 

96,  III. 
Pogonatum,  xi,  91.  174. 
Pohlia.  xi,  90,  118. 
Polycystis,  x,  13. 
Polyedrium.  x.  32. 
Polytrichum,  xi,  91,  174. 
Pomfret    phyllite,    vi,     114.     129, 

vii,  36. 


Pomperaug   Valley,   vi,    17a   213. 

a  graben,  vi,  215. 
Pomperaug  Valley  Triassic  area, 

vi,  162. 
Pond.    See    names    of   particular 

Ponds. 
Porella,  xi,  49,  70. 
Porphyritic  gneiss.  Prospect,  vi, 

59.  loi,  102,  vii,  34. 
Porphyritic  texture,  vi,  59. 
Porter,  T.  D..  viii.  55. 
Portland^  Connecticut,  vi,  17,  29, 

73.   75.    "5.   "6.    120,    122; 

123.  i^. 
Posterior  sheet  of  trap,  vi,  186. 
Potomac  formation,  vi,  182. 
Potomac  marble,  vi,  165. 
Pottia.  xi,  91.  109. 
Pottiaceae,  xi.  106. 
Poughquag  quartzite,  vi,  86,  108, 

114,  vii,  33. 
Prasiola.  x.  44. 
Pratt,  J.  H.,  vi,  184. 
Predentata,  Triassic,  vi,  177. 
Prehnite,  vi,  185. 
Preissia.  xi,  49,  42. 
Preliminary  Geological  Map  of 

Connecticut,  vii. 
Preliminary      Report     on     the 

Algae  of  the  Fresh  Waters 

of  Connecticut,  x. 
Prentice  Mountain,  vi,  133. 
Preston,  vi,  130,  131,  153. 
Preston    gabbro-diorite,    vi,    74, 

115.  153,  vii.  38. 
Profile  of  equilibrium,  vi,  27. 
Prospect,  vi,  17,  96,  102. 
Prospect,  Mount,  vi,  iii. 
Prospect  porphyritic  gneiss,  vi, 

59,  loi,  102,  vii,  34. 
Protococcaceae,  x,  28,  31. 
Protococcales,  x,  27. 
Protococcus,  X,  34,  38. 
Pseudocilia,  x,  29. 
Pseudocoenobia,  x,  31. 
Pseudo-conglomerate,     vi,     130, 

140. 
Pseudopleurococcus,  x,  38. 
Psilonemateae,  x,  14,  17. 
Pteridophjrtes,  Triassic,  vi,  170. 
Ptilidium,  xi.  49,  66. 
Ptychomitrium,  xi,  no. 
Putnam,  vi,  130. 
Putnam,  B.  T.,  viii,  56,  84. 
Putnam  gneiss,  vi,   114.   129,   133, 

134,  136.  140,  vii,  36. 
Pylaisia,  xi.  93.  133. 
Pynchon,  W.  H.  C,  viii,  56,  84. 
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Pyrite,  vi,  6i,  63,  90,  102,  120,  121, 

127,  141,  185. 
Pyroxene  schist,  vi,  98. 
Pyroxenite,  vi,  112. 
Pyrrhotite,  vi,  iii. 
Quaking  bogs,  vi,  249. 
Quartz,  derived  from  feldspar  in 
metamorphism,  vi,  57. 

in  amygdaloid,  vi,  185. 

in  metamorphic  rocks,  vi,  57. 

resistance   of,   to   erosion,   vi, 

7S 
Quartz  rock,  Lantern  Hill,  vi,  Ij6. 
Quartz  schist,  vi,  62. 

Plainfield,  vi,  114,  132,  vii,  36. 

Woodstock,  vi,  128,  vii,  36. 
Quartzite,  vi,  61. 

Cheshire,  vi,  87. 

in  Bolton  schist,  vi,  123. 

in  Putnam  gneiss,  vi,  130. 

Poughquag,   vi,   86,    108,    114, 
vii,  33. 
Quaternary,  changes  of  drainage 
in,  vi,  30,  250. 

changes  of  level  in,  vi,  34. 
Quinnebaug  whetstones,  vi,  129. 
Quinnipiac  River,  vi,  17,  221,  253. 
Rabbit  Rock,  vi,  185. 
Racomitrium,  xi,  89,  112. 
Radula,  xi,  49,  69. 
Rafter,  G.  W.,  viii,  57. 
Railroads,  relation  of,  to  geologi- 
cal structure,  vi,  76,  209. 

routes     of,      determined     by 
faults,  vi,  209. 
Raindrops,  impression  of,  vi,  167. 
Rainfall  in  Connecticut,  vi,  258. 
Rattlesnake  Hill,  vi,  86. 
Rauia,  xi,  92,  139. 
Reboulia,  xi,  40. 
Red  rocks,  not  marine,  vi,  166. 
Red  sandstone,  coloring  matter  of, 

vi.  163. 
Redding,  Connecticut,   vi,  72,  73, 

88. 
Reddingite.  vi,  73. 
Reptiles,  Triassic,  vi,  172. 
Rhabdoweisia,  xi,  88,  99. 
Rhaphidium,  x,  35. 
Rhizoclonium,  x,  54. 
Rhodobryum,  xi,  90,  120. 
Rhodochrosite,  vi,  73. 
Rhodophyceae,  x,  10. 
Rhynchostegium,  xi,  93,  150. 
Rhytidiadelphus,  xi,  95,  160. 
Rhytidium,  xi,  94,  160. 
Rhytidodon,  vi,  172. 
Riccardia,  xi,  43. 


Riccia,  xi,  38. 

Ricciaceae,  xi,  38. 

Ricciella,  xi,  38,  39. 

Ricciocarpus,  xi,  38,  39. 

Rice,  W.  N.,  vi,  vi,  160,  vii,  23,  28, 

viii,  57,  84,  ix.  10,  xii,  9. 
Richmond   Triassic  area,   vi,   162, 

163,  170,  182,  216. 
Ridgefield,  vi,  88. 
Ries,  Heinrich,  viii,  57,  58. 
Ripple-marks,  vi,  166. 
River.    See    names    of   particular 

rivers. 
River  erosion,  dynamics  of,  vi,  26. 
Riverton,  vi,  254, 
Rivularia,  x,  15,  16. 
Rivulariaceae,  x,  15. 
Rixtown  Mountain,  vj,  153. 
Roads,  material  for,  vi,  259. 
Roaring  Brook,  Cheshire,  vi,  190. 
South  Glastonbury,  vi,  117. 
South  ington,  vi,  22,  81,  181. 
Robertsville,  vi,  88»  254. 
Robinson,  H.  H.,  vi,  7,  85,  148,  vii, 

vii,   30,  viii,   58,  85,   ix,   ID, 

xii,  9. 
Rock  flour,  vi,  244. 
Rocks,  crystalline,  vi,  39. 
igneous,  vi,  43. 
metamorphic,  vi,  44,  51. 
sedimentary,  vi,  43. 
Rockville,  vi,  116. 
Rocky  Hill,  vi,  199. 
Rocky  Neck,  vi,  149. 
Rogers,  H.  D.,  viii.  58. 
Rogers  Lake,  vi,  149. 
Rotten  rock,  vi,  228. 
Roxbury,  Connecticut,  vi,  97,  iia 
Roya,  X,  58,  60. 
Russell,   L   C,   vi,    159,   161,    163, 

169,  viii,  58,  85. 
Rutile.  vi,  107,  120. 
Rutiodon.  vi,  172. 
Saccodermae,  x,  56. 
Srelania,  xi,  89,  97. 
Sage,  J.  H.,  ix,  14,  xii,  18. 
Saint    Lawrence    Valley,    marine 

sediments  in,  vi,  35. 
Salem.   Connecticut,  vi,   136,    150, 

151. 
Salisbury,  Connecticut,  vi,  74,  88, 

89,  91.  93. 
Sal  ton  stall.  Lake,  vi,  249. 
Saltonstall  Mountain,  vi,  191,  192, 

199,  213. 
Samarskite,  vi,  7$. 
Sand  plains,  vi,  245. 
Sandstone,  Triassic,  vi,  163. 
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Sandstone,  weathering  of,  vi»  2a6, 

227. 
Sandstones  of  Connecticut  Valley, 

age  of,  vi,  179. 
Sandy  Brook,  vi,  254. 
Satan's   Kingdom,  vi,  75,  96,  97, 

98.  2§3. 
Saxonite,  vi,  112. 
Saybrook,  vi,  17,  25,  151. 
Saybrook  Junction,  vi,  150. 
Scapania,  xi,  49,  68. 
Scenodesmus,  x,  34,  35. 
Schist,  vi,  52,  63. 

Berkshire,  vi,  86,  91,  98^  ill, 

114,  vii,  33. 
Bolton^  VI,   54.   S9»   "3,    i^ 

vii,  35. 
Brimfield,  vi,  49,  114,  126,  I4i> 

^y^k35. . 

chlorite,  vi,  100. 

Hartland,  vi,  54.   59.  86,  94, 

95,  96,  100,  114,  124,  vii,  33. 
Hoosac.    See  Hartland  schist 
hornblende,  vi,  65. 
Hudson,  vi,  86,  91,  98. 
mica,  vi,  64. 
Mil  ford  chlorite,  vi,  100^  vii, 

34. 
Plainfield  quartz,  vi,  114,  132, 

vii.  36. 
quartz,  vi,  62. 
ridges  formed  by,  vi,  75. 
Scotland,  vi,  114,  132,  141,  vii, 

Woodstock    quartz,    vi,    114, 
128,  vii,  36. 

Schist  and  gneiss,  gradation  be- 
tween, vi,  66. 

Schistosity,  vi,  52. 
origin  of,  vi,  53. 

Schists,  igneous  and  sedimentary, 
how  distinguished,  vi,  68. 

Schizochlamjrs,  x,  30. 

Schizogoniales,  x,  27,  43. 

Schizogonium,  x,  44. 

Schizophyceae,  x,  9. 

Schizosiphon,  x,  22. 

Schizothrix,  x,  20. 

Schliercn,   vi,    117,   118,   119,   136, 
144. 

Schoderia,  x,  35. 

Schwetschkeopsis,  xi,  92,  132. 

Sciadium,  x,  26. 

Scotland,  Connecticut,  vi,  141,  142. 

Scotland  schist,  vi,  114,  132,   141, 
vii,  37. 

Scottsville  Triassic  area,  vi,  162, 
163. 


Scytonema,  x,  22,  23. 

Scytonemaceae,  x,  17,  22. 

Sebethe  River,  vi,  257. 

Sedimentary  and  igneous  gneisses 
and  schists,  how  distin- 
guished, vi,  68. 

Sedimentary  rocks,  vi,  43. 

Seeley,  Lloyd,  viii,  59. 

felden  Neck,  vi,  151. 
elenastreae,  x,  31,  34. 
Selenastrum,  x,  34,  35. 
Selenosphaerium,  x,  ^. 
Sematophyllum,  xi,  94,  150. 
Serpentine,  vi,  59,  100^  113,  18^3. 
Sex  union,  x,  9. 
Shale,  bituminous,  vi,  165. 

distinguished    from   slate,   vi, 

52. 
Triassic,  vi,  164^  165. 
Shaler,  N.  S.,  vi,  loi,  169,  vii,  23, 

24,  viii,  60. 
Sharon,  Connecticut,  vi,  62,  86,  Q7, 

93* 
Sharon  Mountain,  vi,  62,  86,  87. 
Sheldon,  J.  M.  A.,  viii,  6a 
Shelton,  vi,  102. 
Shepard,  C  U.,  vii,  11,  viii,  6a 
Silex  Mine,  vi,  133. 
Silliman,  Benjamin,  vi,   159,   231, 

232,  vii,  9,   ir,  26.  viii,  61. 

Benjamin,  Jr.,  vi,  215,  viii,  64. 

Sillimanite,  vi,  59,  65,  92,  120,  126, 

142, 
Simsbury,  vi,  220,  251,  253. 
Siphonales,  x,  27,  54. 
Sirogonium,  x,  6/, 
Sirosiphon,  x,  23. 
Slate,  vi,  52,  6^. 
Slickensides,  vi,  57,  203. 
Smith,  Alfred,  viii,  64,  %. 
Smock,  J.  C,  viii,  64. 
Soapstone,  vi,  112. 
Soil  of  Connecticut,  vi,  226,  228^ 

237.255.        . 
analyses  of,  vi,  256. 
Soil  of  New   England,  does  not 

show    gradation    into    rock, 

vi,  33,  228. 
Somers,  Connecticut,  vi,  17,   115, 

116. 
Sorastrum,  x.  36. 
Sourland  Mountain,  vi,  193. 
South  Carolina,  Triassic  in,  vi,  163. 
South    Glastonbury,    vi,    72,    117, 

145. 
South  Kent,  vi,  86. 
South  Lyme,  vi,  149. 
South  Meriden,  vi,  253. 
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South  Mountain,  vi,  238. 
South  Norfolk,  vi,  113. 
South  Windsor,  vi,  257. 
Southbury,  vi,  97,  162. 
Southington,    vi,    17,    22,    43,    81, 

102,  181,  245,  253,  257. 
Sphserangium,  xi,  108. 
Sphxrella,  x,  42. 
Sphaeroplea,  x,  53. 
Sphaerozosma,  x,  59,  64. 
Sphaerozyga,  x,  21. 
Sphagnaceae,  xi,  76. 
Sphagnales,  xi,  20,  76, 
Sphagnum,  vi,  249,  xi,  76. 
Sphalerite,  vi,  73. 
Sphene.    See  Titanite. 
Sphenolobus,  xi,  49,  55. 
Spirocoleus,  x,  19. 
Spirogyra,  x,  66,  67. 
Spirotaenia,  x,  57. 
Spirulina,  x,  18. 
Spodumene,  vi,  73. 
Spondylomorum,  x,  40,  41. 
Spondylosium,  x,  59,  65. 
Spores,  X,  8. 
Sprague,  vi,  142. 
Springs,  vi,  258. 
Squamariaceae,  x,  71. 
Stafford,  vi,  115,  120,  126,  127, 

156. 
Staffordvillc,  vi,  127. 
State  Geological  and  Natural  His> 

tory  Survey  of  Connecticut, 

vii,  21,  ix,  xii. 
Staurastrum,  x,  59,  62. 
Staurogenia,  x,  36. 
Staurolite,  vi,  59,  65,  73,  »  97, 

98,  108,  120,  121,  122. 
Staurospermum,  x,  68. 
Stegocephala,  Triassic,  vi,  172. 
Stegomus,  vi,  174. 
Step  faults,  vi,  211. 
Stephanosphaera,  x,  40,  41. 
Stereodon,  xi,  94,  162. 
Sterling,  Connecticut,  vi,  136. 
Sterling    granite-gneiss,    vi,    115, 

129,  131,  132,  133.  134,  137. 

152,  154,  155,  vii,  36. 
Stichococcus,  x,  49. 
Stigeoclonium,  x,  47. 
Stigoncma,  x,  23. 
Stigonemaceae,  x,  17,  23. 
Still  River,  vi,  254. 
Stockbridge,  Massachusetts,  vi,  87. 
Stockbridge  limestone,  vi,  61,  86, 

87,  93,  vii,  3?.    ^ 
Stodder,  Charles,  vin,  65. 
Stonington,  vi,  150,  154. 


Stony    Creek    granite-gneiss,    vi, 

115,  147,  152,  vii,  38. 
Stratford,    Connecticut,    vi,    100, 

loi,  102. 
Streptonema,  x,  6a 
Striae,  glacial,  vi,  238. 
Suffield,  vi,  186. 
Sullivant,  W.  S.,  xi,  25. 
Sulphur  rock,  vi,  127,  i^i. 
Superposition,  as  criterion  of  age 

of  strata,  vi,  179. 
Swamps,   produced   by   filling   of 

lakes,  vi,  248,  249. 
Swantown  Hill,  vi,  131,  138. 
Swarm  spores,  x,  9. 
Symphysiphon,  x,  22. 
Symploca,  x,  18,  19. 
Synechococcus,  x,  11,  12. 
Systegium,  xi,  106. 
Talc,  vi,  90, 113- 
Talcott  Mountain,  vi,  44,  211. 
TariflFville,  vi,  220,  251,  253. 
Taylorsville  Triassic  area,  vi,  162, 

163. 
Tennessee,  absence  of  lakes  in,  vi, 

^        ^5.  . 

Terraces,  vi,  35. 

sometimes    formed    as   deltas 
beside  tongue  of  ice,  vi,  38. 

Terrestrial  fossils,  inferior  to 
marine,  as  criteria  of  age  of 
strata,  vi,  180. 

Tertiary  uplift  of  southern  New 
England,  vi,  29,  219. 

Tetmemorus,  x,  58,  61. 

Tetrachastrum,  x,  63. 

Tetraedreae,  x,  31. 

Tetraedron,  x,  32. 

Tetragonium,  x,  40. 

Tetraphis,  xi,  172. 

Tetraspora,  x,  29. 

Tetrasporcae,  x,  2S,  29. 

Thamnium,  xi,  92,  171. 

Thelia,  xi,  91,  135. 

Theropoda,  Triassic,'  vi,  174,  177. 

Thickness  of  strata,  how  esti- 
mated, vi,  200. 

Thomaston,  vi,  109. 

Tbomaston  granite-gneiss,  vi,  109^ 
vii,  35..  ^ 

Thompson,  vi,  62,  132. 

Thompsonville,  vi,  257. 

Thorea,  x,  73. 

Thfuidium,  xi,  92,  141. 

Till,  vi,  33,  241.    . 

analyses  of,  vi,  243,  256. 

Timmia,  xi,  90,  127. 

Timmiaceae,  xi,  127. 
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Titanite,  vi,  92,  94,  IQ2,  106,  131, 

143.  144. 

Tolland,  vi,  58,  62,  122, 

Tolypothrix,  x,  22,  23. 

Topograi^ic  effect  of  faults,  vi, 
205. 

Topographic  effects  of  trap  sheets, 
vi,  32,  186,  195. 

Topographic  features  of  north- 
eastern United  States,  vi, 
225. 

Topography  of  G>nnecticut,  origin 
of,  vi,  30. 

Topography  of  crystalline  area,  vi, 

74. 
Torbemite,  vi,  73. 
Torrington,  vi,  95,  100,  113,  254. 
Tortella,  xi,  89,  107. 
Tortula,  xi,  109,  no. 
Totoket    Mountain,   vi,    191,    199, 

213. 
Tourmaline,  vi,  73,  92,  95,  105,  in. 
Tracks,  Triassic,  vi,  174. 
Trap  conglomerate,  overlying  con- 
temporaneous sheets,  vi,  19a 
Trap  rocks  of  Triassic,  vi,  22,  183. 
age  of,  vi,  193. 
analysis  of,  vi,  184. 
columnar  structure  of,  vi,  185. 
magnetism  of,  vi,  183. 
mineral    constitution    of,    vi, 

183. 
modes   of  occurrence   of,   vi, 

185. 
sheets  of,  vi,  186. 
topographic  effect  of,  vi,  32, 
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